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ABSTRACT

The West Lake Landfill is located near the city of St. Louis in Bridgeton, St.
Louis County, Missouri. The site has been used since 1962 for disposing of mu-
nicipal refuse, industrial solid and liquid wastes, and construction demolition
debris.

This report summarizes the circumstances of the radioactive material in the
West Lake Landfill. The radioactive material resulted from the processing of
uranium ores and the subsequent sale by the AEC of processing residues. Pri-
mary emphasis is on the radiological environmental aspects as they relate to
potential disposition of the material. It is concluded that remedial action
is called for.
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1 INTRODUCTION AND BACKGROUND

This report summarizes the circumstances of the radioactive material in the
West Lake Landfill (Figure 1), in particular, the radiological environmental
aspects as they relate to potential disposition of the material.

The West Lake Landfill, Inc. property is a 200 acre tract in Bridgeton,
St. Louis County, Missouri, on the outskirts of the city of St. Louis. It is
about 4 miles west of St. Louis' Lambert Field International Airport, near the
intersection of interstate highways 1-70 and 1-270. Limestone was quarried
there from 1939 to 1987. Also on the property is an industrial complex where
concrete ingredients are measured and combined, and where asphalt aggregate is
prepared. Since 1962, portions of the property have been used as landfills for
disposing of municipal refuse, industrial solid and liquid wastes, and construc-
tion demolition debris. In 1973, soil contaminated with radioactive material
was placed in a landfill there.

The radioactive material originated with uranium-ore-processing residues which
had been stored at Lambert Airport by the U.S. Atomic Energy Commission (AEC),
and which were sold in early 1966 to the Continental Mining and Milling Company,
of Chicago, Illinois. The AEC's invitation to bid listed the following residues
for purchase: 74,000 tons of Belgian Congo pitchblende raffinate containing
about 113 tons of uranium; 32,500 tons of Colorado raffinate containing about
48 tons of uranium; and 8700 tons of leached barium sulfate containing about 7
tons of uranium. The material was moved from the airport during 1966 to nearby
9200 Latty Avenue, Hazelwood, Missouri. In January 1967, the Commercial Dis-
count Corporation of Chicago took possession of the residues to remove moisture
and to ship the residues to the Cotter Corporation facilities in Canon City,
Colorado. In December 1969, the remaining material was sold to the Cotter Cor-
poration. In the following four years, the residues, with the principal
exception of the 8700 tons of leached barium sulfate, were shipped to Canon
City.1

In April 1974, Region III representatives of NRC's Office of Inspection and
Enforcement visited the Cotter Corporation's Latty Avenue site to check on
the progress of the decommissioning activities being performed there. This
inspection disclosed that in 1973 Cotter Corporation had disposed of approxi-
mately 8700 tons of leached barium sulfate residues mixed with 39,000 tons of
top soil at a local landfill.1

By letter dated June 2, 1976, the Missouri Department of Natural Resources
(MDNR) forwarded to the NRC's Region III office newspaper articles which alleged
that only 9000 tons of waste had been moved from the Latty Avenue site rather
than 40,000 tons and that it was moved to the West Lake Landfill rather than to
the St. Louis Landfill No. 1. Region III personnel investigated the allegations
and found that 43,000 tons of waste and soil had been removed from the Latty
Avenue site and had been dumped at the West Lake Landfill in Bridgeton, and
that the waste was covered with only about 3 feet of soil.1

Discussion with the West Lake Landfill operators indicated that all of the
material from Latty Avenue had been disposed of in one area; however, an aerial
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survey of the site Identified two areas of contamination. The second contami-
nated area is identified as Area 1 in Figure 2.2 Subsequently, the NRC spon-
sored other studies that were directed at determining the radiological status of
the landfill. An extensive survey was initiated in November 1980 by the Radia-
tion Management Corporation (RMC) under contract to the NRC. The findings were
published in May 1982 in NUREG/CR-2722. "Radiological Survey of the West Lake
Landfill, St. Louis County, Missouri."4 In March 1983, the NRC through Oak
Ridge Associated Universities (ORAU) contracted with the University of Missouri-
Columbia (UMC), Department of Civil Engineering, to describe the environmental
characteristics of the site, conduct an engineering evaluation, and propose
possible remedial measures for dealing with the radioactive waste at the West
Lake Landfill. In May 1986, ORAU sampled water from wells on and close to the
landfill to determine if the radioactive .material had migrated into the ground-
water. A report is being prepared detailing the results of the investigations
conducted by UMC and ORAU.2

Information from all these sources and from NRC site visits forms the basis
for this report.

2 DESCRIPTION OF THE SITE

Location

The 200-acre West Lake Landfill site is situated on the southwest side of
St. Charles Rock Road in Bridgeton, St. Louis County, Missouri (Figure I).2
It is about 16 miles northwest of the downtown area of the city of St. Louis,
and about 4 miles west of Lambert Field International Airport (Figure 1). It
is approximately 1.2 miles from the Missouri River.

History

The West Lake Landfill has been used since 1962 for the disposal of municipal
refuse, industrial solid and liquid wastes, and construction demolition debris.
Between 1939 and the spring of 1987, limestone was quarried there. Landfill
operations filled in some of the excavated pits from the quarry operations.
Also on the property is an active industrial complex in which concrete ingre-
dients are measured and combined before mixing ("batching"), and asphalt
aggregate is prepared.

The unregulated landfill, in which the radioactive material was placed in 1973,
was closed in 1974 by the Missouri Department of Natural Resources (MDNR).
Also in 1974, under an MDNR permit, a newer sanitary landfill was opened and
now operates in an adjacent area on the West Lake Landfill property. The newer
landfill is protected from groundwater contact. The bottom of the new landfill
is lined with clay, and a leachate collection system has been installed. Leach-
ate is pumped to a treatment system consisting of a lime precipitation unit fol-
lowed in series by an aerated lagoon and two unaerated lagoons. The final lagoon
effluent is discharged into St. Louis Metropolitan Sewer District sewers.2

Ownership

Since 1939, the West Lake Landfill has been owned by West Lake Landfill, Inc.,
of 13570 St. Charles Rock Road, Bridgeton, Missouri.
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Contaminated Areas

Radioactive contamination at the West Lake Landfill has been identified in two
separate soil bodies (Figure 2).

The northern area (referred to as Area 2) covers about 13 acres3 and lies above
16 to 20 feet of landfill debris. The contaminated soil forms a more or less
continuous layer from 2 to 15 feet in thickness and consists of approximately
130,000 cubic yards of soil. Some of this contaminated soil is near or at the
surface, particularly along the face of the northwestern berm. Beneath the
landfill debris, the soil profile consists of 3 to 7 feet of floodplain top
soil overlying 30 to 50 feet of sand and gravel alluvium.

The southern area of contamination (Area 1) covers about 3 acres3 and contains
roughly 20,000 cubic yards of contaminated soil. This body of soil is located
east of the landfill's main office at a depth of about 3 to 5 feet and is lo-
cated over a former quarry pit which was filled in with debris. The depth of
debris beneath the contaminated soil is unknown but is estimated to be 50 to
65 feet. Limestone bedrock underlies the landfill debris.2

Topography

About 75 percent of the landfill site is located on the floodplain of the
Missouri River (Figure 2) at about 440 feet above mean sea level (msl). The
site topography is subject to change because of the types of activities (e.g.,
landfill ing and quarrying) performed there. However, the areas containing the
radioactive waste have their surface at about 470 feet (msl). The surface runoff
in the area around the landfill follows several surface drains and ditches that
run in a northwest direction and drain into the Missouri River.2

Geology

Bedrock beneath the West Lake Landfill consists of limestone that extends down-
ward to an elevation of 190 feet msl. The limestone is dense, bedded, and
except for intermittent layers that consist of abundant chert nodules, fairly
pure. The Warsaw Formation, which lies directly beneath the limestone, is made
up of approximately 40 feet of slightly calcareous, dense shale; this grades
into shaley limestone toward the middle of the formation. Bedrock beneath the
site dips at an angle of 0.5° to the northeast. Five miles east of the site,
the attitude of the bedrock is reversed by the Florissant Dome.2

Since groundwater moving through carbonate rocks often creates channels for
rapid water flow, the possibility of this occurring in the West Lake Landfill
area was considered. Brief observation of the quarry walls at the landfill
suggests that some of the limestone has dissolved. In a letter to West Lake
Landfill, Inc., the Missouri Department of Natural Resources stated that the
fact that grouting was necessary in the quarry area to block water inflow sug-
gests that the limestone is at least somewhat solution weathered.4 However,
in the draft UMC report, the opinion is expressed that the solution activity
has apparently been limited to minor widening of joints and bedding planes near
the bedrock surface, and that, at depth and when undisturbed, the limestone is
fairly impervious.2 It is not clear whether the views represented by these
statements are in conflict.
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Soil material in the area may be divided into two categories: Missouri River
alluvium and upland loessal soil. This demarcation is shown as the historical
edge of the alluvial valley in Figure 2. The division is made on the basis of
soil composition, depositional history, and physical properties. The West Lake
Landfill lies over this transition zone.2

Hydrology

Groundwater flows in the area surrounding the West Lake site through two aqui-
fers: the Missouri River alluvium and the shallow limestone bedrock. Although
the limestone is fairly impervious and groundwater flows in most areas from the
bedrock into the alluvium, contamination of water in the bedrock aquifer is
possible. The base of the limestone aquifer is formed by the relatively imper-
meable Warsaw shale at an elevation of about 190 feet (msl). This shale layer
has been reached, but not disturbed, by quarrying operations. Therefore, the
Warsaw shale acts as an aquiclude, making contamination of the deeper limestone
unlikely.

The deep Missouri River alluvium, which is under about 10 feet of more-recent
alluvium, acts as a single aquifer of very high permeability. This aquifer is
relatively homogeneous in a downstream direction and decreases in permeability
near the valley walls.

The water table of the Missouri River floodplain is generally within 10 feet of
the ground surface, but at many points it is even shallower. At any one time,
the water levels and flow directions are influenced by both the river stage and
the amount of water entering the floodplain from adjacent upland areas.

Water levels recorded between November 1983 and March 1984 in monitoring wells
at the landfill, indicate a groundwater gradient of 0.005 flowing in a N 30°W
direction beneath the northern portion of the landfill. This represents the
likely direction of leachate migration from the landfill.

Since no other recharge sources exist above the level of the floodplain, the
only water available to leach the landfill debris is that resulting from rain-
fall infiltrating the landfill surface. Because the underlying alluvial
aquifer is highly permeable, there will be little "mounding" of water beneath
the landfill. Also, the northern portion of the landfill has a level surface,
and thus it is likely that at least half of the rainfall infiltrates the sur-
face. The remaining rainfall is lost to evapotranspiration and (to a lesser
degree) surface runoff.2

No public water supplies are drawn from the alluvial aquifer near the West Lake
Landfill. It is believed that only one private well in the vicinity of the
landfill is used as a drinking-water supply. This well is 1.4 miles N 35°W of
the Butler-type building on the West Lake Landfill.

Because of the extremely low slope of the Missouri River floodplain surface,
rain falling on the plain itself generally infiltrates the soil rather than
running off the surface. The only streams present on the floodplain are those
that originate in upland areas. Drainage patterns on the plain have been rad-
ically altered by flood control measures taken to protect Earth City and by
drainage of swamps and marshes. Because of the relationship that exists
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the river, streams may either lose flow (at low stage) or gain flow (at high
stage).

I The present channel of the Missouri River lies just under 2 miles west and
northwest of the landfill. The Missouri River stage at St. Charles (mile 28)
is zero for a water level of 413.7 feet (msl). Average discharge of the
Missouri River is 77,338 cubic feet per second.I
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Water supplies are drawn from the Missouri River at mile 29 for the city of
St. Charles, and the intake is located on the north bank of the river. Another
intake at mile 20.5 is for the St. Louis Water Company's North County plant.
The city of St. Louis takes water from the Mississippi River, which is joined
by the Missouri River downstream from the landfill. The Intake structures for
St. Louis are on the east bank of the river, so that the water drawn is derived
from the upper Mississippi.2

Demography

Two small residential communities are present near the West Lake Landfill:
Spanish Lake Village consists of about 90 homes and is located 0.9 mile south
of the landfill, and a small trailer court lies across St. Charles Rock Road,
0.9 mile southeast of the site. Subdivisions are presently being developed 1
to 2 miles east and southeast of the landfill in the hills above the floodplain.
Ten or more houses lie east of the landfill, scattered along Taussig Road. The
city of St. Charles is located north of the Missouri River, more than 2 miles
from the landfill.2

Population density on the floodplain is generally less than 26 persons per square
mile, but the daytime population (including factory workers) is much greater than
the number of full-time residents. Earth City Industrial Park is located on the
floodplain 0.9 to 1.2 miles northwest of the landfill. The Ralston-Purina
facilities are located 0.2 mile northeast of the Butler-type building at the
landfill. Considering that land in this area is relatively inexpensive and that
much of it is zoned for manufacturing, industrial development on the floodplain
will likely increase.2

3 RADIOLOGICAL SURVEYS

From August 1980 through the summer of 1981, the Radiation Management Corpora-
tion (RMC), under contract to the NRC, performed an onsite evaluation of the
West Lake Landfill3 to define the radiological conditions at the landfill. The
results were utilized in performing this determination regarding whether or
not remedial actions should be taken.

The area to be surveyed was divided into 33-foot grid blocks and included the
following measurements:

(1) external gamma exposure rates 3.3 feet above the ground surface and
beta-gamma count rates 0.4 inch above the surface;

(2) radionuclide concentrations in surface soils;

(3) radionuclide concentrations in subsurface deposits;
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(4) total ("gross") activity and radionuclide concentrations in surface and
subsurface water samples;

(5) radon flux emanating from surfaces;

(6) airborne radioactivity; and

(7) total activity in vegetation.

External Gamma

The two areas of elevated external (gamma) radiation levels, as they existed in
November 1980 at the time of the preliminary RMC site survey, both contained
places where levels exceeded 100 uR per hour at 3.3 feet. In Area 2, gamma
levels as high as 3000 to 4000 uR per hour were detected. The total areas ex-
ceeding 20 pR per hour were about 2 acres in Area 1 and 9 acres in Area 2.3
(The criterion of 20 uR per hour is derived from the NRC's Branch Technical
Position, 46 £R 52061, October 23, 1981, which aims at exposure rates less
than 10 uR per hour above background levels; background radiation was taken to
be 10 uR per hour also.)

External gamma levels were measured in May and July of 1981. These levels were
significantly smaller than the November 1980 values, especially in Area 1,
because approximately 4 feet of sanitary fil\ had been added to the entire area,
and an equal amount of construction fill was added to most of Area 2. As a
result, only a few thousand square feet in Area 1 exceed 20 uR per hour. In
Area 2, the total area exceeding 20 uR per hour decreased by about 10 percent,
and the highest levels were about 1600 uR per hour near the Butler-type
building.3

Surface Soil Analysis

A total of 61 surface soil samples were gathered and analyzed on site for gamma
activity. Concentrations of U-238, Ra-226, Ra-223, Pb-211, and Pb-212 were
determined for each sample. In all soil samples, only uranium and/or thorium
decay chain nuclides and K-40 were detected. Offsite background samples were
on the order of 2 pCi per gram for Ra-226. Onsite samples ranged from about 1
to 21,000 pCi Ra-226 per gram and from less than 10 to 2100 pCi U-238 per gram.
In samples in which elevated levels of Ra-226 were detected, the concentrations of
U-238 were generally one-half to one-tenth of those of Ra-226. In cases of
elevated sample activity, daughter products of both U-238 and U-235 were
found.3

In general, surface activity was limited to Area 2, as indicated by the surface
beta-gamma measurements. Only two small regions in Area 1 showed surface con-
tamination; both were near the access road across from the site offices.

In addition to onsite gamma analyses, 12 samples were submitted to RMC's radio-
chemical laboratories for thorium and uranium radiochemical determinations.
The results of these measurements (Table 4 of NUREG/CR-2722) show that all sam-
ples contained high levels of Th-230. The ratio of Th-230 to Ra-226 (inferred
from Bi-214) generally ranges from 4:1 to 40:1.
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Subsurface Soil Analysis

Subsurface contamination was assessed by extensive "logging" of holes drilled
through the landfill. Several holes were drilled in areas known to contain con-
tamination, then additional holes were drilled at intervals in all directions
until no further contamination was detected. A total of 43 holes were drilled
(11 in Area 1 and 32 in Area 2), including 2 offsite wells for monitoring water.
All holes were drilled with a 6-inch auger and were lined with 4-inch PVC
(polyvinyl chloride) casing.3

Each hole was scanned with a 2-inch Nal(Tl) detector and rate meter system for
an initial indication of the location of subsurface contamination. On the basis
of the initial scans, 19 holes were selected for detailed gamma logging using
the intrinsic germanium (IG) detector and multiple channel analyzer. Concentra-
tions of Ra-226, as determined by the IG system, ranged from less than 1 pCi per
gram to 22,000 pCi per gram.3

It was determined that the subsurface deposits extended beyond areas in which
surface radiation measurements exceeded the reference level of 20 uR per hour.
The lateral extent of material exceeding 5 pCi Ra-226 per gram, including
both surface and buried materials, is shown on Figure 2. The total difference
in areas is about 5 acres.

The surface elevations vary by about 20 feet," and the highest elevations occur
at locations of more recent fill. Contaminated soil (>5 pCi Ra-226 per gram)
is found from the surface to depths as great as 20 feet below the surface. In
general, the contamination appears to be a continuous single layer ranging from
2 to 15 feet thick and covering 16 acres.3

Nonradiological Analysis

Six composite samples were submitted to RMC's Environmental Chemistry Labora-
tory for priority pollutant analysis. Five samples were taken from auger holes
(one from Area 1 and four from Area 2) and the sixth was taken from sludge from
the West Lake Landfill leachate treatment plant. The analysis shows organic
solvents present in the Area 2 samples. Positive results were reported for 25
listed organic compounds. Chromium, copper, lead, nickel, and zinc were the
predominant elemental priority pollutants detected. The analysis of the
sample from the leachate treatment sludge showed that It had smaller pollutant
concentrations than the samples from the auger holes.3

Chemical analyses of material from the radioactive layer from both areas were
also performed by RMC's laboratory. In most cases, elevated levels of barium
and lead were found.

Background Radioactivity Measurement

Several offsite locations (within a few miles of the West Lake Landfill) were
selected for reference background measurements. Background values were all
within the normal range. The gamma exposure rates were 8 and 10.6 uR per hour.
Radium-226 concentrations in soil were 2.5 and 2.6 pCi per gram. Radon flux
from the ground surface was 0.50 and 0.58 pCi per square meter-second; working
level values were 0.0011, 0.0017, and 0.005 WL.3
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Airborne Radioactivity Analysis

Both gaseous and particulate airborne radioactivity were sampled and analyzed
during this study. Since it was known that the buried material consisted par-
tially or totally of uranium ore residues, the sampling program concentrated on
measuring radon and its daughters in the air. Two methods were used: the first
was a scintillation flask (accumulator) method for radon gas, and the second
was analysis of filter paper activity for particulate daughters. A series of
grab samples using the accumulator method were taken between May and August of
1981. A total of 111 samples from 32 locations were collected. Measurable
radon flux levels ranged from 0.2 pCi per square meter-second in low background
areas to 865 pCi per square meter-second in areas of surface contamination.3

At three locations, measurements were repeated over a period of 2 months. Sig-
nificant fluctuations were observed at two locations. The fact that these fluc-
tuations were real and not measurement artifacts was later confirmed by dupli-
cate charcoal canister samples.

A set of 10-minute, high-volume, particulate, air samples was taken to determine
both short-lived radon daughter concentrations and long-lived gross alpha activ-
ity. The highest levels (0.031 WL) were detected in November 1980, near and
inside the Butler-type building. These two samples approximately equal NRC's
10 CFR Part 20, Appendix B, alternate concentration limit of one-thirtieth WL
for unrestricted areas. In addition to the routine 10-minute samples, five
20-minute, high-volume, air samples were taken" and counted immediately on the IG
gamma spectroscopy system to detect the presence of Rn-219 daughters. All
samples were taken near surface contamination. Concentrations of Rn-219
daughters ranged from 6 x 10-11 to 9 x 10-10 uCi per cubic centimeter.3

Vegetation Analysis

Vegetation samples collected by RMC included weed samples from onsite locations
and farm crop samples (winter wheat) near the northwest boundary of the land-
fill. This location was chosen because water could run off from the fill onto
the farm field. No elevated activities were found in these samples.3

Water Analysis

A total of 37 water samples were taken by RMC and analyzed for gross alpha and
beta activity. Four samples were taken in the fall of 1980 and the remainder
in the spring and summer of 1981. One sample was equal to the U.S. Environmen-
tal Protection Agency (EPA) gross-alpha-activity standard for drinking water of
15 pCi per liter and that was a sample of standing water near the Butler-type
building. Several samples, including all the leachate treatment plant samples,
exceeded the EPA drinking water action level'for gross beta activity. Subse-
quent isotopic analyses indicated that the beta activity could be attributed to
K-40. None of the offsite samples exceeded either EPA standard.3

In 1981, the Missouri Department of Natural Resources collected 41 water samples
that RMC analyzed for radioactivity. Of these samples, 5 were background, 10
were onsite surface water, 10 were shallow groundwater standing in boreholes,
and 16 were landfill leachate. From these data, background activity is esti-
mated as 1.5 pCi gross alpha activity per liter and 30 pCi gross beta activity
per liter. One groundwater sample was at 15 pCi gross alpha per liter, and one

10
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surface water sample was 45 pCi per liter. Most of the leachate samples were
above 50 pCi beta per liter.3

In addition, groundwater samples in 11 perimeter monitoring wells at the West
Lake Landfill were taken by the Reitz and Jens Engineering firm on November 15, 1983,
and by University of Missouri at Columbia (UMC) personnel on March 21, 1984.
In both sampling times, one well, but not the same one, exceeded the EPA's
drinking water standard of 15 pCi per liter (18.2 pCi per liter in 1983 and 20.5
pCi per liter in 1984). On May 7 and 8, 1986, Oak Ridge Associated Universities
(ORAU) personnel took water samples from 44 perimeter wells; only one (by Old
St. Charles Rock Road) with 17 pCi alpha activity per liter exceeded the drinking
water standard.2

The operators of the landfill, West Lake Landfill, Inc., have an ongoing hydro-
geologic investigation of the site, which also involves analyses of monitoring
well samples for radioactivity and for priority pollutants.4

4 ESTIMATION OF RADIOACTIVITY INVENTORY

Soil sample analyses have shown that the radioactive material in Areas 1 and 2
of the landfill consists almost entirely of natural uranium and its radioactive
decay products.

The analyses of soil samples indicate that the naturally occurring U-238 to
Th-230 to Ra-226 equilibrium has been altered and that the ratio of Ra-226 to
U-238 is on the order of 2:1 to 10:1; the ratio of Th-230 to Ra-226 generally
ranges from 4:1 to about 40:1. These ratios are in accord with the history
of the radionuclide deposits in the West Lake Landfill, i.e., that they came
from the processing of uranium ores. The indicator radionuclides for assess-
ment of the radiological impacts of the material are therefore U-238, Th-230,
and Ra-226.

Using the RMC data and averaging the auger hole measurements over the volumes
of radioactive material found in Areas 1 and 2, a mean concentration of 90 pCi
per gram was calculated for Ra-226.2 For the ratio of Th-230 to Ra-226, the
RMC data3 range from 4:1 to 40:1; data from samples taken in 1984 along the
berm range up to almost 70:I.5 A further consideration is that the material
came from Cotter Corporation's Latty Avenue site (later sold to Futura Coatings,
Inc.). Measurements at the Latty Avenue site are variously reported as up to
180:I6 and about 300:1.7 Some material of that nature might have been trans-
ferred along with the barium sulfate residues. To ensure conservatism in esti-
mating the long-term in-growth of Ra-226, the NRC staff used a ratio of 100:1
to estimate the Th-230 activity. Similarly, the Ra-226:U-238 ratio ranges
from 2:1 to 10:1. This ratio is less critical to the radiological aspect of
the site and has been estimated to be 5:1 for purposes of calculation.

Using the Th-230:Ra-226 ratio of 100:1, the Th-230 activity is 9000 pCi per
gram. If the U-238 concentration (as well as U-234 which would be similarly
separated from the ore) is a factor of 5 less than Ra-226, this implies about
18 pCi U-238 per gram. The total mass of radioactive material in the land-
fill was estimated by visually integrating the volume of radioactive material
from graphs and multiplying by an average soil density, resulting in
1.5 x 1011 grams (150,000 metric tons) of contaminated soil.
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These numbers indicate that there are about 14 Ci of Ra-226 contained with its
decay products in the radioactive material in the landfill. The material also
contains about 3 Ci each of U-238 and U-234, and about 1400 Ci of Th-230.
These estimates indicate the order of magnitude of the quantities to be dealt
with, although the estimate for Th-230 is regarded as conservatively large.

5 APPLICABILITY OF THE BRANCH TECHNICAL POSITION

The NRC has established a Branch Technical Position (BTP) which identifies five
acceptable options for disposal or onsite storage of wastes containing low
levels of uranium and thorium (46 FR 52061, October 23, 1981).8

The concentrations permitted under each disposal option are shown in Table 1.

Table 1 Summary of maximum soil concentrations permitted
under disposal options

Source: 46 Federal Register 52061

Disposal options

Kind of material la 2b 3C 4d

Natural thorium (Th-232 + Th-228) 10 50 - 500
with daughters present and in
equilibrium. (pCi/g)

Natural uranium (U-238 + U-234) 10 - 40 200
with daughters present and in
equilibrium. (pCi/g)

aBased on EPA uranium mill tailings cleanup standards.
Concentrations based on limiting individual doses to
170 mrem per year.
Concentration based on limiting equivalent exposure to 0.02
WL or less.
Concentrations based on limiting individual intruder doses
to 500 mrem per year and, in cases of natural uranium, lim-
iting exposure to Rn-222 and other airborne alpha emitters
to 0.02 WL or less.

Options 1-4 provide methods under 10 CFR 20.302, for onsite disposal of
slightly contaminated materials, e.g., soil, if the concentrations of radio-
activity are small enough and other circumstances are satisfactory. The fifth
option consists of onsite storage pending availability of an appropriate
disposal method.

The material present in the West Lake Landfill is a form of natural uranium with
daughters, although the daughters are not now in equilibrium. As mentioned in
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Section 4, the average concentration of Ra-226 in the West Lake Landfill wastes
is about 90 pCi per gram, which (considered by itself) falls into Option 4 of
the BTP since Option 4 criteria are controlled by the Ra-226 content in the
wastes (i.e., 200 pCi of U-238 plus U-234 per gram would be accompanied by
100 pCi of Ra-226 per gram). However, because of the large ratio of Th-230
radioactivity to that of Ra-226, the radioactive decay of the Th-230 will in-
crease the concentration of its decay product Ra-226 until these two radionu-
clides are again in equilibrium. Assuming the ratio of activities of 100:1 used
above, the Ra-226 activity will increase by a factor of five over the next
100 years, by a factor of nine 200 years from now, and by a factor of thirty-
five 1000 years from now. All radionuclides in the decay chain after Ra-226
(and thus the Rn-222 gas flux) will also be increased by similar multiples.
Therefore, the long-term Ra-226 concentration will exceed the Option 4 criteria.
Under these conditions, onsite disposal, if possible, will likely require
moving the material to a carefully designed and constructed "disposal cell."

6 REMEDIAL ACTION ALTERNATIVES EXAMINED

The evaluation performed by staff of the University of Missouri at Columbia
addresses six potential remedial action alternatives, including that of leav-
ing the radioactive material as it is, designated Option A.2 Option D is
the option of excavating the material and shipping it to another site for
disposal. Options B, C, E, and F address different approaches to stabilizing
the material on the West Lake Landfill site, "primarily as temporary remedial
actions. Options B, C, and F leave most of the radioactive material where it
is but include a variety of measures to contain it and its radon releases and
gamma emissions. Option E addresses the approach of constructing an onsite
earthen cell, similar to a disposal cell, and moving the radioactive material
into it. Under Option F, the radioactive material would be left in place and
separate slurry walls would be built downgradient of Areas 1 and 2 to con-
strain groundwater motion. The estimated costs of Options B through F range
from about $370,000 (Option B) to about $5,500,000 (Option F) in 1984 dollars.
The estimate for Option D is about $2,500,000, but this does not include the
cost of transporting the material to another site and disposing of it there; in
the staff's judgment, this could increase the cost by as much as a factor of ten.

Further studies are necessary to determine the most practical approach to
disposal of this material.

7 FACTORS CONTRIBUTING UNCERTAINTY

The presence in the landfill of other substances listed as hazardous by the
U.S. Environmental Protection Agency raises issues of whether the waste is
mixed waste (i.e., both radioactive and chemically hazardous), and whether
the landfill must also be disturbed to provide for proper containment of the
chemical wastes.

The manner of placing the 43,000 tons of contaminated soil in the landfill
caused it to be mixed with additional soil and other material, so that now an
appreciably larger amount is involved. If it must be moved, it is not certain
whether the amount requiring disposal elsewhere is as little as 60,000 tons
or even more than 150,000 tons.

13
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Because the controlling radionuclide (Th-230) has no characteristics that make
it easy to measure quantitatively in place, as can be done for the Ra-226 with
its decay products, the large but variable ratio of Th-230 to Ra-226 and its
decay products makes the delineation of cleanup more difficult. When the ratio
is so large (20:1 or more), even a small concentration of Ra-226 in 1988 im-
plies such a large concentration later that it will be necessary to employ more
difficult measurement techniques to confirm that the cleanup has been
satisfactory.

Any possibility of disposal on site will depend on adequate isolation of the
waste from the environment, especially for protection of the groundwater. It
is unclear whether the area's groundwater can be protected from onsite disposal
at a reasonable cost. This matter will require additional investigation.

8 SUMMARY

In 1973, radioactively contaminated soil amounting to approximately 43,000 tons
was deposited in the West Lake Landfill near St. Louis, Missouri. The material
originated with decontamination efforts at the Cotter Corporation's Latty Avenue
plant. Disposal in the West Lake Landfill was not authorized by the NRC. State
officials were not notified of this disposal in 1973 because the landfill was
not regulated by the State at the time.

In the period 1980-1981, Radiation Management Corporation (RMC) of Chicago,
Illinois, under contract to the NRC, performed a detailed radiological survey
of the West Lake Landfill. This survey showed that the radioactive contaminants
are in two areas. The northern area (Area 2) covers about 13 acres. The
radioactive debris forms a layer 2 to 15 feet thick, exposed in only a small
area on the landfill surface and along the berm on the northwest face of the
landfill. The southern area (Area 1) contains a relatively minor fraction of
the debris covering approximately 3 acres with most of the contaminated soil
buried with about 3 feet of clean soil and sanitary fill.

The RMC survey showed that the radioactivity is from the naturally occurring
U-238 and U-235 series with Th-230 and Ra-226 as the radionuclides that dom-
inate radiological impact. The survey data indicate that the average Ra-226
concentration in the radioactive wastes is about 90 pCi per gram; the staff
estimates the average Th-230 concentration to be about 9000 pCi per gram.
Since Ra-226 has been depleted with respect to its parent Th-230, Ra-226 ac-
tivity will increase in time (for example, over the next 200 years, Ra-226
activity will increase ninefold over the present level). This increase in
Ra-226 must be considered in evaluating the long-term hazard posed by this
radi oacti ve materi al.

In addition to RMC's radiological survey, soil and water samples were collected
and analyzed by others, including ORAL), UMC, and MDNR. Occasionally a sample of
water from a monitoring well exceeds slightly the EPA drinking water standard of
15 pCi gross alpha per liter. Sample analyses for priority pollutants (non-
radioactive hazardous substances) show a number of listed pollutants are present.
The landfill operators are also conducting a hydrogeological investigation.

From the RMC, UMC, and ORAU surveys conducted at the West Lake Landfill site
the staff has made the following findings:

14
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(1) There is a large quantity (on the order of 150,000 tons) of soil contami-
nated with long-lived radioactive material in the West Lake Landfill.
Almost all the radioactivity consists of natural uranium and its radio-
active decay products.3

(2) Based on the radiological surveys, the radioactive wastes as presently
stored at the West Lake Landfill do not satisfy the conditions for
Options 1-4 of the NRC's Branch Technical Position (BTP) regarding the
disposal of radioactive wastes containing uranium or thorium residues.8

(3) A dominant factor for the future is that the average activity concentration
of Th-230 is much larger than that of its decay product Ra-226, indicating
a significant increase in the radiological hazards in the years and
centuries to come.

(4) Some of the radioactive material on the northwestern face of the berm has
no protective cover of soil to prevent the spread of contamination and
attenuate radiation.

(5) Slightly more than 8 acres of the site exceed 20 uR per hour; the highest
reading of 1600 uR per hour occurs near the Butler-type building.

(6) Radon and daughters were measured at 0,031 WL in and around the Butler-type
building. This exceeds the BTP value of 0.02 WL.

(7) Based on monitoring-well sample analyses, some low-level contamination of
the groundwater is occurring, indicating that the groundwater in the
vicinity is not adequately protected by the present disposition of the
wastes. *:

(8) Although these radiological conditions indicate that remedial action is
needed, it is unlikely that anyone has received significant radiation
exposures from the existing situation.

(9) Sampling results show that chemically hazardous materials have been dis-
posed of adjacent to or possibly mixed with the radioactive material.3
It is possible that part of the radioactive material has become "mixed"
waste.

From these findings and the information developed to date, the NRC staff con-
cludes: (1) measures must be taken to establish adequate permanent control of
the radioactive waste and to mitigate the potential long-term adverse impacts
from its existing temporary storage conditions and (2) the information devel-
oped to date is inadequate for a technological determination of several impor-
tant issues, i.e., whether mixed wastes are involved, and whether onsite dis-
posal is practical technologically, and, if so, under what alternative methods.

As indicated by the estimates developed by UMC. remedial action will be costly.
Further, the investigations to develop the necessary information to resolve
major questions and to provide a sound basis for evaluation of the feasibility
of disposal alternatives may also be costly. Therefore, it is necessary to
determine the way to accomplish the further studies and remedial actions that
are needed.
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PREFACE

This report has as its basis a characterization of the West Lake Landfill site
and evaluation of some potential remedial measures performed primarily by
S. K. Banerji, W. H. Miller, J. T. O'Connor and L. S. Uhazy of the University
of Missouri-Columbia. The Nuclear Regulatory Commission received the first
and second drafts, then titled "Engineering Evaluation of Options for Disposition
of Radioactively Contaminated Residues Presently in the West Lake Landfill, St.
Louis County, Missouri," in 1984; thus most of the information in this report
dates from 1983-1984. However, some more recent data, principally water sampling
results, have been added. Waste disposal and other industrial activities have
continued on the 200 acre site, as have activities in the vicinity, resulting
in changes in details of topography, roads, etc. To provide a more complete
view of the radioactive material in the landfill, use has been made of figures
from the report titled "Radiological Survey of the West Lake Landfill, St. Louis
County, Missouri," NUREG/CR-2722, May 1982.

The remedial action concepts in this report are those proposed by the contractor.
Judgments expressed in this report about these concepts are in general those of
the contractor, and do not necessarily represent the views of the Nuclear Regu-
latory Commission. For example, the cost estimates for these concepts are
based on radium-226 concentrations whereas the long-term issue is dependent
upon the thorium-230 concentrations.

Although some of its information has not been updated since 1984, this report is
being released so as to make its collected information available to interested
parties.
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ABSTRACT

The West Lake Landfill is near the city of St. Louis in Bridgeton, St. Louis
County, Missouri. In addition to municipal refuse, industrial wastes and demo*
Htion debris, about 43,000 tons of soil contaminated with uranium and its radio-
active decay products were placed there in 1973. After learning of the radioac-
tive material in the landfill, the U.S. Nuclear Regulatory Commission (fiRC) had
a survey of the site's radioactivity performed and, <n 1983, contracted, through
Oak Ridge Associated Universities (ORAU), with the University of Missouri-
Columbia (UMC) to characterize the environment of the site, conduct an engineer-
ing evaluation, and propose remedial measures. This report presents a descrip-
tion of the results of the UMC work, providing the environmental characteristics
of the site, the extent and characteristics of the radioactive material there,
some considerations with regard to potential disposal of the material, and some
concepts for remedial measures.
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SUMMARY

In 1973, approximately 7900 metric tons (mt) (8700 short tons) of radioactively
contaminated barium sulfate (BaS04) residues were mixed with about 35,000 mt
(39,000 t) of soil, and the entire volume was placed in the West Lake Landfill
in St. Louis County, Missouri. This material resulted from decontamination
efforts at the Cotter Corporation's. Latty Avenue plant where the material had
been stored. Disposal in the West Lake Landfill was not authorized by the
Nuclear Regulatory Commission (NRC) and was contrary to the disposal location
indicated in the NRC records. State officials were not notified of this dis-
posal since the landfill was not regulated by the State at the time. Although
the contamination does not present an immediate health hazard, authorities have
been concerned about whether this material poses a long-term health hazard to
workers and residents of the area and what, if any, remedial action is necessary.

In 1980-81, Radiation Management Corporation (RMC) of Chicago, Illinois,
performed a detailed radiological survey of the West Lake Landfill under con-
tract to the NRC (NUREG/CR-2722). This survey was performed to determine the
extent of radiological contamination. Before this survey, little was known
about the location or activity of radionuclide-bearing soils in the landfill.
This survey showed that the radioactive contaminants are in two areas. The •
northern area (Area 2) covers about 13 acres. The radioactive debris forms a
layer 2 to 15 feet thick, exposed in only a small area on the landfill surface
and along the berm on the northwest face of the landfill. The southern area
(Area 1) contains a relatively minor fraction of the debris covering approxi-
mately 3 acres with most of the contaminated soil buried with about 3 feet of
clean soil and sanitary fill.

The RMC survey showed that the radioactivity is from the naturally occurring
U-238 and U-235 series with Th-230 and Ra-226 as the radionuclides that dominate
radiological impact. The survey data indicate that the average Ra-226 concen-
tration in the radioactive wastes is about 90 pCi per gram; the average Th-230
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concentration is estimated to be about 9000 pCi per gram. Since Ra-226 has
been depleted with respect to its parent Th-230, Ra-226 activity will increase
in time (for example, over the next 200 years, Ra-226 activity will increase
ninefold over the present level). This Increase in Ra-226 must be considered
in evaluating the long-term hazard posed by this radioactive material.

In addition to RMC's radiological survey, (oil and water samples were collected
and analyzed by others, including Oak Ridge Associated Universities (ORAU), and
the University of Missouri-Columbia (UMC). "'Occasionally a cample of water from
•a monitoring well exceeds slightly the EPA drinking water standard of 15 pCi
gross alpha per liter. Sample analyses for priority pollutants (non-radioactive
hazardous substances) show a number of listed pollutants are present.

On the basis of radiological surveillance conducted by RMC, UMC, and ORAU, the
following areas of concern have been identified:

(1) Radioactive soil is eroding from the northwestern face of the berm, and is
being transported off site.

(2) Radon gas had been observed to accumulate to an unacceptable level
in the Butler-type building on site. This building has since been removed.

(3) Some degree of radiological contamination has been found in the wells
that monitor the perimeter.

(4) Surface exposure rates over much of the contaminated areas are greater
than 20 yR/hr.

In March 1983, the NRC through ORAU, contracted with UMC to conduct an
engineering evaluation of the site and propose possible remedial measures for
NRC's consideration for dealing with the radioactive waste at the West Lake
Landfill. The following six remedial options were proposed and evaluated in
this study.

o Option A - No remedial action

o Option B - Stabilization onsite with restricted land use
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o Option C - Extending the landfill offsite with restricted land use
o Option 0 - Removal and relocation of the contaminated material to an

authorized disposal site
o Option E • Excavation and temporary onsite storage in a trench
o Option F - Construction of a slurry wall to prevent leachate from

migrating off site

It is noted that some of the above alternatives for remedial action were
initially evaluated with the objective of permanent disposal of the waste at
the site.
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1 INTRODUCTION

The West Lake Landfill is located in St. Louis County, Missouri, 6 km (3.7
miles) west of Lambert Field International Airport (Figure 1.1) and southwest
of St. Charles Rock Road in Bridgeton, Missouri. The site has been used since
1962 for disposing of municipal refuse, industrial solid and liquid wastes, and
construction demolition debris. In addition, the landfill is an active Indus-
trial complex on which concrete ingredients are measured and combined before
mixing ("batching"), and asphalt aggregate is prepared. Limestone ceased to be
quarried in the spring of 1987.

In 1973, 7900 metric tons [(mt) (8700 short tons)] of radioactively contaminated
barium sulfate (BaS04) residues from uranium and radium processing were mixed
with an estimated 35,000 mt (39,000 tons) of soil and deposited in the West Lake
Landfill. Previously, this material was located at the Cotter .Corporation's
Latty Avenue facility in Hazelwood, Missouri, and was removed during decontam-
ination work. It is not known what levels of contamination were already in
the soil before the barium sulfate residues were mixed into it. Disposal in the
West Lake Landfill was unauthorized and contrary to the disposal location
indicated in the U.S. Nuclear Regulatory Commission's (NRC's) records.

Subsequently, the NRC sponsored studies that were directed at determining the
radiological status of the landfill. In 1978, an aerial radiological survey
revealed two areas within the landfill where the gamma radiation levels indi-
cated radioactive material had been deposited. A more extensive survey was
initiated in November 1980 by the Radiation Management Corporation (RMC) under
contract to the NRC.

In March 1983, the NRC through Oak Ridge Associated Universities (ORAU) con-
tracted with the University of Missouri-Columbia Department of Civil Engineering
to describe the environmental characteristics of the site, conduct an engineering
evaluation, and propose possible remedial measures for dealing with the radio-
active waste at the West Lake Landfill. In May 1986, ORAU sampled water from

1-1
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Figure l.-l Location of West Lake Landfill
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I wells on and close to the landfill to determine if the radioactive material had

— migrated into the groundwater.

Information from all these sources forms the basis for this report.
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2 SITE DESCRIPTION

This chapter presents a historical and environmental description of the West Lake
Landfill site located in St. Louis County, Missouri.

2.1 Location

The 81-hectare (ha) (200-acre) West. Lake Landfill property is situated between
the St. Charles Rock Road and the Old St. Charles Rock Road in Bridgeton,
Missouri. The southeastern and northwestern parts of the landfill abut farm-
land. Several commercial and industrial facilities are located near the land-
fill (Figure 2.1). The nearest residential area is a trailer park located
approximately 1 km (0.6 mile) to the southeast. A major portion of the land-
fill (roughly the northern three-fourths of the site) is located on the
floodplain, approximately 2 km (1.2 miles) from the Missouri River.

The zoning plan obtained from the Bridgeton Planning and Zoning Department for
properties on and adjacent to the landfill is shown in Figure 2.2. A portion
of the landfill, including site Area 1, is zoned M-l, which is designated for
light manufacturing; the northwest part of the landfill, including Area 2, is
zoned as single-family residential (R-l). This R-l zoning indicates the use to
which the land was originally intended. However, the landfill was extended over
the land zoned R-l, and the zoning plan was simply not changed to reflect the
new usage. Other discrepancies between land use and zoning are found in the
nearby Earth City Industrial Park (William Canney, Safety Supervisor of West
Lake Landfill, Inc., personal communication, March 1984). The land across
St. Charles Rock Road is zoned for light and heavy manufacturing. The
remainder of the property surrounding the landfill is zoned residential and

business.
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2.3 History

The West Lake Landfill was started in 1962 for the disposal of municipal and
industrial solid wastes, and to fill in the excavated pits from the quarry
operations that had been performed at the site since 1939 (Canney, personal
communication, March 1984). In 1974, the landfill was closed by the Missouri
Department of Natural Resources (MDNR) (Karen, 1976). A new sanitary landfill,
in an area of the West Lake Landfill property which is protected from ground-
water contact, now operates under an MDNR permit.

This new part of the landfill was opened in 1974. The bottom is lined with
clay and a leachate collection system has been installed. Leachate is pumped
to a treatment system consisting of a lime precipitation unit followed in
series by an aerated lagoon and two unaerated lagoons. The final lagoon
effluent is discharged into St. Louis Metropolitan Sewer District sewers.

The quarrying operation ceased in the spring of 1987 because not enough "good
rock" was left at the site.

2.4 Ownership

The West Lake Landfill was owned from 1939 until 1988 by West Lake Landfill,
Inc., of 13570 St. Charles Rock Road, Bridgeton, Missouri. Most of the
landfill was sold in 1988 to Laidlaw Industries, Inc. The two areas which
contain the radioactive material were retained by West Lake Properties as the
principal properties of a subsidiary named Rock Road Industries, Inc.

2.5 Contaminated Areas

Radioactive contamination at the West Lake Landfill has been identified in two
separate soil bodies (Figure 2.3). Comparisons of radionuclide quantities and
of the activity ratios between radionuclides not in secular equilibrium, indicate
that the radioactive contamination in the separate soil bodies was derived from
the same source, i.e., the Cotter Corporation's former Latty Avenue facility
in Hazelwood, Missouri (NRC, NUREG/CR-2722).
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The northern area (referred to as Area 2) of contamination shown on Figure 2.3 4^
covers an area of 5.2 ha (13 acres) and lies above 5 to 6 m (16-20 ft) of land-
fill debris. The contaminated soil forms a more or less continuous layer from
1 to 4 m (3 to 13 ft) in thickness, and amounts to approximately 100,000 m3

(130,000 yd3). Some of this contaminated soil is near or at the surface,
particularly along the face of the northwestern berm. Beneath the landfill
debris, the soil profile consists of 1 to 2 m (3 to 7 ft) of floodplain top
soil overlying 10 to 15 m (33 to 50 ft) of sand and gravel alluvium.

The southern area of contamination (referred to as Area 1) shown on Figure 2.3
covers approximately 1.1 ha (3 acres) and contains roughly 15,000 m3

(20,000 yd3) of contaminated soil. This body of soil is located east of the
landfill's main office at a depth of about 1 m (3 to 5 ft), and is located over a
former quarry pit, which was filled in with debris. The depth of debris beneath
the contaminated soil is unknown, but is estimated to be 15 to 20 m (50 to 65 ft).
Limestone bedrock underlies the landfill debris.

2.6 Topography

About 75% of the landfill site is located on the floodplain of the Missouri
River. The site topography is subject to change because of the types of activ-
ities (e.g., landfilling and quarrying) performed there. Figure 2.3 shows a
contour map of the site as of July 1986. The surface runoff follows several
surface drains and ditches which run in a northwest direction and drain into
the Missouri River.

2.7.1 Bedrock

Bedrock beneath the West Lake Landfill consists of Mississippian age limestone
of the Meramacean Series of the St. Louis and Salem formations, which extends
downward to an elevation of 58 m (190 ft) mean sea level (msl) (Figure 2.4).*

*Missouri Department of Natural Resources, Division of Geology and Land
Survey, Rolla, Missouri, Well Log Files.
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The limestone is dense, bedded, and fairly pure except for intermittent layers
which consist of abundant chert nodules. The Warsaw Formation—also of
Mississippian age—lies directly beneath the limestone. The Warsaw is made up
of approximately 12 ro (38 ft) of slightly calcareous, dense shale; this grades
into shaley limestone toward the middle of the formation (Figure 2.4) (Spreng,
1961). Bedrock beneath the site dips at an angle of 0.5° to the northeast.
Eight kilometers (5 miles) east of the site, the attitude of the bedrock is
reversed by the Florissant Dome; the bedrock dips radially outward from the
apex of this dome at a low angle (Martin, 1966).

Since karst (solution) activity often occurs in carbonate rocks, the possibil-
ity of its occurrence in the West Lake Landfill area was considered. Brief
observation of the quarry walls at the landfill suggests that some solution of
the limestone has occurred, but this solution activity has apparently been
limited (see Section 2.8.1) to minor widening of joints and bedding planes near
the bedrock surface. Although karst activity within the limestone is relatively
minor, the upper surface of the bedrock is irregular and pitted as a result of
solution (Lutzen and Rockaway, 1971). This alteration of the bedrock surface
is greatest beneath the Missouri River floodplain.

2.7.2 Soils

Soil material in this area may be divided into two categories: Missouri River
alluvium and upland loessal soil. This demarcation is shown as the historical
edge of the alluvial valley in Figure 2.5. The division is made on the basis of
soil composition, depositional history, and physical properties. Because the
West Lake Landfill lies over this transition zone, the surface material at the
site varies considerably from southeast to northwest.

The Missouri River alluvium (Figure 2.6) ranges in thickness from 12 m (40 ft)
beneath the landfill site to more than 30 m (100 ft) at mid-valley (Figure 2.7).
The upper 3 m (10 ft) of the soil profile consists of organic silts and clays,
that have been deposited by the Missouri River during floods.* Below this
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surface layer, the soil becomes sandy and grades to gravel at depths greater
than 5 to 10 m (16 to 33 ft). Because of the effects of channel scour, which
continues to grade the sediment after its initial deposition, the alluvium is
fairly homogeneous in a .horizontal direction and becomes progressively coarser
with depth (Goodfield, 1965). At the edges of the floodplain, the alluvium is
not as well graded, and a large amount of fine material is present in the deeper
sand and gravel.

The upland loessal soil (Figure 2.8) is generally thinner than the floodplain
soil, being usually less than 12 m (39 ft) thick, and was deposited during the
age of Pleistocene glaciation. The loess consists of silt-sized particles that
were transported by wind and deposited as a blanket over much of Missouri and
Illinois. On the hills near the West Lake Landfill, the loess layer may be as
much as 24 m (79 ft) thick. It consists of 6 to 9 m (20 to 30 ft) of fairly
pure silt (Peoria loess) overlying 6 to 15 m (20 to 49 ft) of clay silt (Roxana
loess) (Lutzen and Rockaway, 1971). This loess forms the hills to the southeast
of the landfill, but it has long ago been removed from the landfill site and
most of the surrounding valleys by erosion. The upper 1 m (3 ft) of the loess
has been altered to form a thin soil profile. It should be noted that loess has
a vertical permeability which is far greater than its horizontal permeability
(Freeze and Cherry, 1979). The total permeability of loess is greatly increased
by disturbance. The individual silt grains are generally quite angular, and
therefore may not be effectively compacted by the methods commonly used to con-
solidate clay. The technique most effective in the compaction of loess would
employ vibration beneath a surcharge. A relict soil profile from 5 to 10 m
(16 to 33 ft) thick lies beneath the loess and directly on top of the bedrock.
This soil was formed as a residuum before Pleistocene glaciation and was sub-
sequently covered by the loess blanket. This soil is a highly consolidated
clay containing abundant chert fragments (Lutzen and Rockaway, 1971). In
addition to the natural geologic properties of the landfill, human disturbance
of the soil must also be considered since material within the landfill itself
can either limit or facilitate migration of leachate to the Missouri River
alluvial aquifer.

In order to prevent downward movement of leachate, it is now a common practice
to place a layer of compacted clay beneath sanitary landfills. Newer portions
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of the landfill (constructed since 1974) have 2 to 3 m (7 to 10 ft) of clay at
the base and around the sides. Waste is covered every day with 15 cm (6 in.)
of compacted soil; the cover soil presently used is loess (of soil classifica-
tions CL and A4) taken from southeast of the landfill (Reitz and Jens, 1983a).
If not properly compacted, this material may have a permeability of 0.0001 cm/sec
(0.00004 in./sec) or more. It is not known what procedures for compaction, if
any, were used at the landfill before 1974 since the site was unregulated in
design as well as in materials which were accepted for disposal. ,It 1s be-
lieved, however, that there is no liner present beneath the northwestern por-
tion of the landfill, and that sanitary (and, possibly, some hazardous) material
was placed directly on the original ground surface. Since waste was period-
ically covered with soil to minimize rodent and odor problems, the landfill
probably consists of discrete layers of waste separated by thin soil layers.
Both areas containing radioactive material are in these presumably unlined ^
above-ground portions of the landfill.

2.8 Hydrology

2.8.1 Subsurface Hydrology
»

Groundwater flow in the area surrounding the West Lake site is through two
aquifers: the Missouri River alluvium and the shallow limestone bedrock. The
base of the limestone aquifer is formed by the relatively impermeable Warsaw
shale at an elevation of about 58 m (190 ft) msl (Figure 2.4). This shale
layer has been reached, but not disturbed, by quarrying operations. Therefore,
the Warsaw shale acts as an aquiclude, making contamination of the deeper lime-
stone very unlikely. The Mississippian limestone beds have very low inter-
granular permeability in an undisturbed state (Miller, 1977). However, a
strong leachate enters the quarry pit at an elevation of about 67 m (220 ft)
msl (pt. A on Figure 2.5). This leachate is migrating vertically through more
than 30 m (98 ft) of limestone. Explosive detonations associated with quarrying
operations will tend to cause fractures to propagate in the quarry wall. These
fractures have probably extended less than 10 m (33 ft) into the rock from the
quarry face. Beyond this, the rock probably remains undisturbed. These
fractures will tend to increase inflow to the quarry pit and allow leachate to
percolate downward through the fractured zone. Thus, leachate inflow to the
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quarry pit 1s not evidence of large-scale contamination of the limestone
aquifer. The only other mechanism by which leachate could travel* rapidly
through the limestone is by transport through solution channels. "Landfill con-
sultants and quarry operators maintain that the limestone is fairly intact
(Canney, personal communication, September 1983), and superficial observation
of the quarry walls seems to support this conclusion. Since the limestone is
fairly impervious, and groundwater flows in most areas from the bedrock into
the alluvium, contamination of water in the bedrock aquifer does not appear
likely.

The water table of the Missouri River floodplain is generally within 3 m (10 ft)
of the ground surface, but at many points it is even shallower. At any one
time, the water levels and flow directions are influenced by both the river
stage and the amount of water entering the floodplain from adjacent upland
areas. A high river stage tends to shift the groundwater gradient to the
north, in a direction that more closely parallels the Missouri River. Local
rainfall will shift the groundwater gradient to the west, toward the river and
along the fall of the ground surface. This is inferred from water levels
measured in monitoring wells at the West Lake site. The fact that groundwater
levels commonly fluctuate more than does the Missouri River level, indicates
that upland-derived recharge exerts a great deal of influence over groundwater
flow at the West Lake site. This influence decreases toward the river.

The deep Missouri River alluvium acts as a single aquifer of very high per-
meability. This aquifer is relatively homogeneous in a downstream direction,
and decreases in permeability near the valley walls. The deeper alluvium is
covered by 2 to 4 m (7 to 13 ft) of organic silts and clays that may locally
contain a large fraction of sand-sized particles. Water levels recorded between
November 1983 and March 1984 in monitoring wells at West Lake* indicate a
groundwater gradient of 0.005 flowing in a N 30°W direction beneath the northern
portion of the landfill. This represents the likely direction of any possible
leachate migration from the landfill (Figure 2.5).

*Data supplied by Reitz and Jens engineering firm, St.Louis, 1984.
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The alluvial aquifer recharges from upland areas from three sources: seepage
from loess and bedrock bordering the valley, channel underflow of upland streams
entering the valley, and seepage losses from streams as they cross the flood-
plain. Of these sources, streams and their underflow represent the main source
of upland recharge to the alluvial aquifer. Streams entering the floodplain
raise the water table in a fan-shaped pattern radiating outward from their point
of entrance to the plain. In areas where streams are not present, the water
slopes downward from the hills, steeply at first and then gently to the level
of the free water surface in the Missouri River channel. The situations de-
scribed above do not take into account the effect of variations in permeability
of the shallow soil layer. Aerial photography of the site indicates that a
filled backchannel (oxbow lake) type of soil deposit is present along the south-
west boundary of the landfill (USDA, 1953). This deposit is probably com-
posed of fine-grained material to the depth of the former channel (6 to 10 m)
(20 to 33 ft). This deposit may tend to hamper communication between shallow
groundwater on opposite sides of the deposit.

Since no other recharge sources exist above the level of the floodplain, the
only water available to leach the landfill debris is that resulting from rain-
fall infiltrating the landfill surface. Because the underlying alluvial aqui-
fer is highly permeable, there will be little "mounding" of water beneath the
landfill. Because the northern portion of the landfill has a level surface it
is likely that at least half of the rainfall infiltrates the surface. The
remaining rainfall is lost to evapotranspiration and (to a lesser degree) sur-
face runoff. Due to the height of the berm, temporary impoundment of surface
runoff is a common occurrence.

No public water supplies are drawn from the alluvial aquifer near the West Lake
Landfill. It is believed that only one private well (Figure 2.9) in the vicin-
ity of the landfill is used as a drinking water supply. This well is 2.2 km
(1.4 miles) N 35°W of the former Butler-type Building location on the West Lake
Landfill. In 1981, analysis showed water in this well to be fairly hard (natural
origins) but otherwise of good quality (Long, 1981).

Water in the Missouri River alluvium is hard and usually contains a high
concentration of iron and manganese (Miller, 1977). The amount of dissolved
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solids present in the water of the alluvial aquifer varies greatly; purity
increases toward mid-valley where groundwater velocity is greatest. A water
sample from a well in the alluvium 3 km (1.9 miles) north of the landfill had
a total dissolved solids content of 510 mg/liter and total hardness as CaC03
of 415 mg/liter. Water in the limestone bedrock generally has a hardness
greater than 180 mg/liter as CaC03 equivalent (Emmett and Jeffery, 1968). Total
dissolved solids range from 311 to 970 mg/liter. Water in the limestone aquifer
may contain a large amount of sulfate of natural origin (Miller, 1977).

2.8.2 Surface Hydrology

Because of the extremely low slope of the Missouri River flood plain surface,
precipitation falling on the plain itself generally infiltrates the soil rather
than running off the surface. The only streams present on the floodplain are
those that originate in upland areas. Drainage patterns on the plain
(Figure 2.9) have been radically altered by flood control measures taken to
protect Earth City (Figure 2.1) and by drainage of swamps and marshes. Before
these alterations, Creve Coeur Creek passed just south of the landfill, and
drained a fairly large area. It has since been redirected to discharge into
the Missouri River upstream (south) of St. Charles (Figure 2.9). The-old
channel still carries some water, and empties into the Missouri River 45.2 km
(28 miles) upstream from the confluence with the Mississippi River. Near the
landfill, this stream is usually dry. As it crosses the flood plain, the creek
passes through shallow lakes which provide a more or less continuous flow to
the Missouri River throughout the year. A second stream, Cowmire Creek, crosses
the floodplain east of the site. This stream flows northward and joins a back-
water portion of the Missouri River at kilometer 35.4 (22 miles). Because of
the relationship which exists between river level and groundwater level in por-
tions of the floodplain near the river, these streams may either lose flow (at
low stage) or gain flow (at high stage).

The present channel of the Missouri River lies about 3 km (2 miles) west and
northwest of the landfill. Early land surveys of this area indicate that
200 years ago the channel was located several hundred meters to the east (toward
the landfill) of its present course (Reitz and Jens, 1983b). The Missouri River
has a surface slope of about 0.00018 (Long, 1981). River stage at St. Charles
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[kilometer 45.2 (mile 28)] is zero for a water level of 126.1 m (413.7 ft) msl
(Reitz and Jens, 1983a). Average discharge of the Missouri River is 2190 m3/s
(77,300 ftVs), with a maximum flow of 2850 m3/s (101,000 ftVs) for the period
of April through July, and a minimum flow of 1140 m3/s (40,300 ftVs) in January
and December (Miller, 1977). Some average properties of Missouri River water
for the period 1951-1970 were: alkalinity - 150 mg/liter as CaC03 equivalent;
hardness = 209 mg/liter as CaC03 equivalent; pH = 8.1; and turbidity = 694 JTU
(Jackson turbidity unit).

Water supplies are drawn from the Missouri River at kilometer 46.6 (mile 29)
for the city of St. Charles, and the intake is located on the north bank of the
river. Another intake at kilometer 33 (mile 20.5) is for the St. Louis Water
Company's North County plant (Reitz and Jens, 1983a).

The city of St. Louis takes water from the Mississippi -River, which joins the
Missouri River downstream from the landfill. In this segment of the river, the
two flow-streams have not completely mixed and the water derived from the
Missouri River is still flowing as a stream along the west bank of the
Mississippi River channel*. The intake structures for St. Louis are on the
east bank of the river so that the water drawn is derived from the upper
Mississippi.

2.9 Meteorology

The climate of the West Lake area is typical of the midwestern United States,
in that there are four distinct seasons. Winters are generally not too severe
and summers are hot with high humidity. First frosts usually occur in October;
and freezing temperatures generally do not persist past March. Rainfall is
greatest in the warmer months, (about one-quarter of the annual precipitation
occurs in May and June) (Figure 2.10) (NRC, 1981). In July and August, thunder-
storms are common, and are often accompanied by short periods of heavy rainfall.
Average annual precipitation is 897 mm (35.3 in.), which includes the average
annual snowfall of 437 mm (17.2 inches snow). Average relative humidity is 68%,

"Ned Harvey, hydrologist with the USGS, telephone communication, August 1983.
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and humidities over 80% are common during the summer. Wind during the period of
December through April is generally from the northwest; winds blow mainly from
the south throughout the remainder of the year. A compilation of hourly wind
observations shows that although the wind resultant is fairly consistent on a
monthly basis, the wind actually shifts a good deal and is very well distri-
buted in all directions (Figure 2.11) (NRC, 1981; U.S. Department of Commerce,
1960).

Meteorological data used is from Lambert Field International Airport which is
6 km (3.7 miles) east of the West Lake site. Temperature and precipitation
data are also representative of West Lake. However, because of differences in
topography between Lambert Field and the site, the actual wind directions at
West Lake may be slightly skewed in a NE-SW direction parallel to the Missouri
River valley.

2.10 Ecology

The West Lake Landfill is biologically and ecologically diverse. Rather than a
single ecological system (e.g., a prairie), it is a mosaic of small habitats
associated with

(1) moist bottomland and farmland adjacent to the perimeter berm

(2) poor quality drier soils on the upper exterior and interior slopes
of the berm

(3) an irregular waste ground surface associated with the inactive portion of
the landfill

(4) aquatic ecosystems present in low spots on the waste ground surface

Generally, the natural systems which are present are limited by operations in
the active portion of the landfill and form a corridor along the perimeter berm
from near well site 75 (Figure 2.5), on the Old St. Charles Rock Road, clockwise
to the main entrance to the landfill near well site 68, along St. Charles Rock
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Road. The following observation and descriptions demonstrate the biological
variety of these sites.

The flora of the perimeter berm extending from the southwest clockwise to the
area of the main entrance to the landfill present a series of contrasts. Along
the Old St. Charles Rock Road, the bottom and lower slope of the berm is heavily
influenced by the nearby mature silver maple (Acer saccharinum). boxelder
(Acer negundo). oak (Quercus). sycamore (Platanus). green ash (Fraximus
pennsylvanica). and eastern cottonwood (Populus deltoides) trees associated
with the old channel of Creve Coeur Creek. At the corner, between wells 59 and
60 (Figure 2.5), large silver maple and boxelder trees form a dense stand in the
moist soils at the base of the berm. The density of these trees declines on
this slope extending toward the north (well 61) and the Butler-type Building
corner. The extension of this slope toward the northwest is dominated by a
dense willow-like thicket in which a few eastern cottonwoods and a hawthorn
tree have established. From this northwest corner of the landfill to the
eastern limit of the trees between the landfill and St. Charles Rock Road (well
65), the exterior slope of the berm is dominated by dense stands of small and
large eastern cottonwoods. This latter occurrence reflects the influence of
the well-established eastern cottonwoods and sycamores associated with the per-
manent pond just north of this site (Figure 2.9). The ground cover along
these exterior slopes consists of grasses, forbs, plants common to disturbed
areas, seedling cottonwoods, and shrubs. A well-manicured grass groundcover
continues from the ^imit of the trees to the area around the main entrance of
the landfill and well 68. This vegetation contributes to the partial stabi-
lization of the steep exterior slopes.

The somewhat drier top and the short, interior slope of the berm, colonized by
prairie grasses such as bluestem (Andropogon). blends into the irregular sur-
face of the inactive portion of the landfill. Depressions in this surface
allow water to collect and tall grasses, foxtail, and plants characteristic
of disturbed areas [e.g., ragweed (Ambrosia), mullein (Verbascum), pokeweed
(Phytolacca). cinquefoil (Potentilla). sunflower (Helianthus). and plantain
(Plantago)] are replaced by characteristic wetland species [e.g., algae
(Spirogyra). cattails (Typha). sedges (Carex). and smartweed (Polygonium)].

Young eastern cottonwoods are established at several of these wet sites.

2-12



1
I
1
I
I
I
I
1
I
I
I
I
I
i
i
i
i
i
i

Generally, the surface vegetation of the inactive landfill gives way to barren
waste ground around the Butler-type Building location and the barren terrain
associated with recent landfill activities.

Animals were observed associated with these habitats. Cottontail rabbits
(Sylvilagus) were encountered most frequently and their fecal pellets were ob-
served on the landfill. Density of fecal material was particularly heavy in
the thickets on the exterior slopes of the perimeter berm. In this regard,
coyote (Cam's latrans) feces containing rabbit fur were observed. Small mammals
(rodents) were not seen but could certainly be present in these areas. Large
ungulates also were not sighted, but tracks and feces of white-tailed deer indi-
cate that they utilize the landfill.

The only birds observed were a crow (Coryus), several robins (Turdus). and white-
crowned sparrows (Zonotrichia leucophrys). This certainly does not reflect the
extent to which birds utilize these habitats, for observations were made early
in the spring. It is readily apparent that returning migratory passerines would
utilize the surface vegetation and berm thickets for nesting, cover, and feed
later in the season. It is also possible that waterfowl could utilize the perma-
nent ponds on the landfill and adjacent to St. Charles Rock Road. Twelve scaup
(Aythya) and mallards (Anas) were observed on the lagoon which serves as part
of the landfill waste water treatment facility.

Small puddles contained characteristic aquatic invertebrates and at least two
species of amphibians. Casual examination of these shallow waters revealed
three genera of snails (Physa, Lymnaea, Helisoma), an isopod (Asnellus).
cyclopoid copepods, and cladocerans. Aquatic insect larvae were not observed;
however, this does not rule out their presence. The sighting of a bullfrog
tadpole (Rana catesbeiana) and audition of spring peepers (Hyla). indicates
these ponds are utilized as breeding sites. No fish were observed in these
puddles on the landfill surface; however, a dead gizzard shad (Dorsoma cepedianum)
was seen in the pond adjacent to St. Charles Rock Road. The only reptiles
seen were the water snake (Nerodia) and the garter snake (Thamnophis).

Although the northwest inactive portion of the landfill is posted with "No
Trespassing" signs, it was evident that humans do encroach on these habitats.
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Fishing tackle was found tangled in power lines and trees, and spent small-
gauge shotgun shells were found on the landfill surface and berms.

2.11 Demographics

The West Lake Landfill is located in the northwestern portion of the city of
Bridgeton, in St. Louis County, Missouri. Earth City Industrial Park is located
on the floodplain 1.5 to 2 km (0.9 to 1.2 miles) northwest of the landfill.
Population density on the floodplain is generally less than 10 persons per
square kilometer (26 persons per square mile); and the daytime population
(including factory workers) is much greater than the number of full-time resi-
dents.

Major highways in the area include Interstate 70 (1-70) and Interstate 270
(1-270), which meet south of the landfill at Natural Bridge Junction (Fig-
ure 1.1). The Earth City Expressway and St. Charles Rock Road lie, respectively,
west and east of the landfill. The Norfolk and Western Railroad passes about
1 km (0.6 mile) from the northern portion of the landfill (Figure 1.1). Lambert
Field International Airport is located 6 km (3.7 miles) east of the West Lake
Landfill.

In addition to factories at Earth City, plants are operated by Ralston-Purina
and Hussman Refrigeration across St. Charles Rock Road. The employees of
these two plants probably comprise the largest group of individuals in close
proximity to the contaminated areas for significant periods of time. The
Ralston-Purina facilities are located 0.4 km (0.2 mile) northeast of the
Butler-type Building location at the landfill. Considering that land in this
area is relatively inexpensive and that much of it is zoned for manufacturing,
industrial development on the floodplain will likely increase in the future.

Two small residential communities are present near the West Lake Landfill.
Spanish Lake Village consists of about 90 homes and is located 1.5 km (0.9 mile)
south of the landfill, and a small trailer court lies across St. Charles Rock
Road, 1.5 km (0.9 mile) southeast of th- site (Figure 2.1). Subdivisions are
presently being developed 2 to 3 km (1.2 to 1.9 miles) east and southeast of the

landfill in the hills above the floodplain. Ten or more houses lie east of the
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landfill scattered along Taussig Road. The city of St. Charles is located
north of the Missouri River at a distance greater than 3 km (1.9 miles) from
the landfill.

Areas south of the West Lake Landfill are zoned residential; areas on the
other sides are zoned for manufacturing and business (Figure 2.2). Most of
the landfill is zoned for light manufacturing (M-l). However, approximately
0.3 km2 (0.12 mi2) of the northern portion of the landfill is zoned for residen-
tial use; this includes the contaminated area around the Butler-type Building
site. The field northwest of the landfill between Old St. Charles Rock Road
and St. Charles Rock Road is under cultivation. Trends indicate that the
population of this area will increase, but the land will probably be used
primarily for industrial facilities.
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Figure 2.10 Average monthly precipitation at Lambert Field
International Airport
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3 RADIOLOGICAL CHARACTERIZATION OF THE SITE

3.1 Radiological Surveillance

• Approximately 43,000 mt (47,000 tons) of contaminated soil were reported to have
_ been disposed of in the landfill. A fly-over radiological survey performed for
I .the NRC in 1978 identified two areas of contamination at the West Lake Landfill.

| Subsequently, from August 1980 through the summer of 1981, the Radiation
Management Corporation (RMC), under-contract to the NRC, performed an onsite

• evaluation of the West Lake Landfill (NRC, NUREG/CR-2722). The purpose of this
survey was to clearly define the radiological conditions at the landfill. The

• results were to be utilized in performing an engineering evaluation to determine
if remedial actions should and could be taken.

• The area to be surveyed was divided into 10-m (33-ft) grid blocks and included
the following measurements:

(1) external gamma exposure rates 1m (3.3 ft) above the surfaces and beta-
• gamma count rates 1 cm (0.4 in.) above surfaces

• (2) radionuclide concentrations in surface soils

• (3) radionuclide concentrations in subsurface deposits

I
| (5) radon flux emanating from surfaces

• (6) airborne radioactivity

• (7) gross activity in vegetation

I

I

(4) gross activity and radionuclide concentrations in surface and subsurface

water samples
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3.2 Survey Results

External Gamma

Figure 3.1 shows the two areas of elevated external radiation levels as they
existed in November 1980, at the time of the preliminary RMC site survey. As
can be seen, both areas contained locations where levels exceeded 100 uR/hr at
1m (3.3 ft). In Area 2, gamma levels as high as 3000 to 4000 uR/hr were
detected. The total areas exceeding 20 uR/hr were about 1.2 ha (3 acres) in
Area 1 and 3.6 ha (9 acres) in Area 2.

External gamma levels measured in May and July of 1981 decreased significantly,
especially in Area 1, because approximately 1.2 m (4 ft) of sanitary fill was
added to the entire area and an equal amount of construction fill was added to
most of Area 2. As a result, only a few hundred square meters (a few thousand
square feet) in Area 1 exceed 20 uR/hr. In Area 2, the total area exceeding
20 uR/hr decreased by about 10%, and the highest levels were about 1600 uR/hr,
near the location of the Butler-type building.

Surface Soil Analyses

A total of 61 surface soil samples were gathered and analyzed on site for gamma
activity. Samples were normally stored 10 to 14 days to allow ingrowth of radium
daughters. Concentrations of U-238, Ra-226 (from Pb-214 and Bi-214), Ra-223,
Pb-211, and Pb-212 were determined for each sample. Surface soil samples are
located in Figures 3.2 and 3.3.

In all soil samples, only uranium and/or thorium decay chain nuclides and K-40
were detected. Offsite background samples were on the order of 2 pCi/g Ra-226.
Onsite samples ranged from about 1 to 21,000 pCi/g Ra-226, and from less than
10 to 2100 pCi/g U-238. In those cases where elevated levels of Ra-226 were
detected, the concentrations of U-238 were generally anywhere from a factor of
2 to 10 lower. In cases of elevated sample activity, daughter products of both
U-238 and U-235 were found.

3-2



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

In general, surface activity was limited to Area 2, as indicated by surface
beta-gamma measurements. Only two small regions in Area 1 showed contamination;
both were near the access road across from the site offices.

In addition to onsite gamma analyses, 12 samples were submitted to RMC's radio-
chemical laboratories for thorium and uranium radiochemical determinations. The
results show all samples contain high levels of Th-230. The ratio of Th-230 to
Ra-226 (Bi-214) is about 20 to 1.

Subsurface Soil Analysis

Subsurface contamination was assessed by extensively "logging" holes drilled
through the landfill. Several holes were drilled in areas known to contain con-
tamination, then additional holes were drilled at intervals in all directions
until no further contamination was encountered. A total of 43 holes were
drilled, 11 in Area 1 and, in Area 2, 32 including 2 nearby offsite wells for
monitoring water. All holes were drilled with a 6-in. auger and lined with 4-in.
PVC (polyvinyl chloride) casing. The location of these auger holes is shown in
Figures 3.4 and 3.5.

Each hole was scanned with an Nal(Tl) detector and rate meter system for an
initial indication of the location of subsurface contamination. On the basis
of the initial scans, 19 holes were selected for detailed gamma logging using
the intrinsic germanium (IG) detector and multiple channel analyzer.

The results of the Nal(Tl) counts and IG analyses show concentrations of Bi-214,
as determined by the IG system, ranged from less than 1 to 19,000 pCi/g. For
those holes where both Nal(Tl) counts and IG counts were made, a good correla-
tion between gross Nal(Tl) counts and Ra-226 concentrations, as determined by
in situ analysis of the daughter Bi-214 by the IG system, was found.

It was determined that the subsurface deposits extended beyond areas where sur-
face radiation measurements exceeded 5 pCi/g. The approximate area of subsurface
contamination compared to the area of elevated surface radiation levels shows a
total difference in areas of 2 ha (5 acres).
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The variations of contamination with depth for Areas 1 and 2 are shown in

Figure 3.6. As can be seen, the surface elevations vary by about 6 m (20 ft),
and the highest elevations occur at locations of fresh fill. Contamination

(>5 pCi/g Ra-226) in several areas is found to extend from the surface to

appreciable depths, about 6 m (20 ft) below the surface in two cases. In

general, the subsurface contamination appears to be a continuous single layer,
ranging from 0.6 to 4.6 m (2 to 15 ft) thick, located between elevations of 139

to 144 m (455 to 480 ft) and covering 6.5 ha (16 acres) total area.

In Figures 3.7 and 3.8, representations of the subsurface deposits are provided
on the basis of auger hole measurements. These representations are consistent
with the operating history of the site, which suggests that the contaminated
material was moved onto the site and spread as cover over fill material. Thus,
one would expect a fairly continuous, thin layer of contamination, as indicated
by survey results.

Nonradiological Analysis

Six composite samples were submitted to RMC's Environmental Chemistry Labora-

tory for priority pollutant analysis. Five samples were taken from auger holes

(one from Area 1 and four from Area 2) and the sixth from the West Lake leachate

treatment plant sludge. The results indicate a significant presence of

organic solvents in Area 2 samples. The results of the leachate sludge
analysis were not as high as any of the soil samples.

A chemical analysis of radioactive material from both areas was also performed

by RMC's laboratory. Results show elevated levels of barium and lead in most

cases.

Background Radioactivity Measurement

Various offsite locations were selected for reference background measurements.

The results of these measurements were within the normal range.

3-4



1

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

Airborne Radioactivity Analyses

Both gaseous and participate airborne radioactivity were sampled and analyzed
during this study. Since it was known that the buried material consisted par-
tially or totally of uranium ore residues, the sampling program concentrated on
measuring radon and its daughters in the air. Two methods were used: the first
was a scintillation flask method for radon gas and the second was analysis of
filter paper activity for particulate daughters.

A series of grab samples using the accumulator method were taken between May
and August of 1981. A total of 111 samples from 32 locations was collected.
Measurable radon flux levels ranged from 0.2 pCi/m2s in low background areas
to 865 pCi/m2s in areas of surface contamination.

At three locations, repetitive measurements were made over a period of 2 months.
These results are plotted in Figure 3.9. As can be seen, significant fluctua-
tions were observed at two locations. The fact that these fluctuations were
real and not measurement artifacts was later confirmed by duplicate charcoal
canister samples, as described below.

A total of 35 charcoal canister samples was gathered at 19 locations over a
3-month period. The results show levels ranging from 0.3 pCi/m2s to 613
pCi/m2s. On 24 different occasions, the charcoal canisters and accumulator
were placed in essentially the same locations, at the same time, for duplicate
sampling. The results of this side-by-side study show generally good
correlation between the two methods.

A set of 10-minute high-volume particulate air samples was taken to determine
both short-lived radon daughter concentrations and long-lived gross alpha
activity. The highest levels were detected in November 1980, near and inside
the Butler-type building which has since been removed. These two samples
approximately equal NRC's 10 CFR Part 20, Appendix B, alternate concentration
limit of one-thirtieth WL for unrestricted areas.

In addition to the routine 10-minute samples, five 20-minute high-volume air
samples were taken and counted immediately on the IG gamma spectroscopy system
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to detect the presence of Rn-219 daughters. All samples were taken near sur-
face contamination. In addition to Rn-222 daughter gamma activities, Rn-219
daughters were detected by measuring the low-abundance gamma rays of Pb-211.
Concentrations of Rn-219 daughters ranged from 6 x 10-11 to 9 x 10-10 uCi/cc.

Vegetation Analysis

Vegetation samples included weed samples from onsite locations and farm crop
samples (winter wheat) near the northwest boundary of the landfill. This loca-
tion was chosen because runoff from the fill onto the farm field was possible.
No elevated activities were found in these samples. *

Water Analyses

A total of 37 water samples was taken: 4 in the fall of 1980, and the remainder
in the spring and summer of 1981. One sample was equal to the U.S. Environmen-
tal Protection Agency (EPA) gross alpha activity standard for drinking water of
15 pCi/liter and that was a sample of standing water near the Butler-type
building. Several samples, including all the leachate treatment plant samples,
exceeded the EPA drinking water screening level for gross beta which viould
require isotopic analyses. Subsequent isotopic analyses indicated that the
beta activity could be attributed to K-40. None of the offsite samples 4,
exceeded either EPA standard or screening level.

In 1981, MDNR collected 41 water samples which RMC analyzed for radioactivity
(Table 3.1). Of these samples, 5 were background, 10 were onsite surface
water, 10 were shallow groundwater standing in boreholes, and 16 were landfill
leachate. From these data, background activity 1s estimated as 1.2 pCi/liter
gross alpha and 27 pCi/liter gross beta. Results in Table 3.1 show the
gross alpha in two water samples exceeded or equaled 15 pCi/1; the gross beta in
ten water samples exceeded 50 pCi/1. Most of the gross beta activity comes from
naturally occurring K-40 as determined from subsequent isotopic analysis.

In addition, groundwater samples in perimeter monitoring wells at the West
Lake Landfill were taken by UMC personnel and ORAU in 1983, 1984, and 1986.

The well locations are shown in Figure 2.5 and the results are presented in
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H Tables 3.2 and 3.3. Results in Table 3.2 show the gross alpha in two water samples
slightly exceeded 15 pCi/1; the gross beta were all below 50 pCi/1 in all water

I samples. Table 3.3 shows analyses were below 15 pCi/1 for gross alpha and 50 pCi/1
for gross beta for all the wells.
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3.3 Estimation of Radioactivity Inventory

In examining the RMC report for bore hole samples (Table 3.3), it is noted that
the naturally occurring U-238 to Th-230 to Ra-226 equilibrium has been disturbed.
The RMC report (NRC, NUREG/CR-2722) indicates that the ratio of Ra-226 to U-238
is on the order of 2:1 to 10:1. This observation is consistent with the history
of the radionuclide deposits in the West Lake Landfill, i.e., that they came
from the processing of uranium ores to extract the uranium content and that the
radioactive material at West Lake came from the former Cotter Corporation
facility on Latty Avenue (presently occupied by Futura Coatings Company) in
Hazelwood, Missouri. This location contains contamination from ore processing
residues from which uranium had been previously separated, leaving the daughters
behind at relatively higher concentrations. Additionally, it is noted in the
RMC report that the ratio of Th-230 to Ra-226 is on the order of 5:1 to 50:1.
This indicates that radium has also been removed. Other data are available in
the Latty Avenue site study (Cole, 1981). Table 3.4 presents the radionuclide
concentrations in Latty Avenue composite samples.

Using the RMC data and averaging the auger hole measurements over the two volumes
of radioactive material found in Areas 1 and 2, a mean concentration of 90 pCi/g
was calculated for Ra-226. Also, the ratios of Th-230 to Ra-226 were esta-
blished since the level of Th-230 will determine the increase of Ra-226 with
time. Although the ratio of Th-230 to Ra-226 ranged from 5:1 to 150:1, most of
the data were in the 30:1 to 50:1 range. To ensure conservatism in estimating
the long-term effects of Ra-226, a ratio of 100:1 was used for all further
calculations.

Using the Th-230:Ra-226 ratio of 100:1, the Th-230 activity is 9000 pCi per
gram. If the U-238 concentration (as well as U-234 which would be similarly
separated from the ore) is a factor of 5 less than Ra-226, this implies about
18 pCi U-238 per gram. The total mass of radioactive material (having Ra-226
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concentrations of 5 pCi/g or more) in the landfill was estimated by visually
integrating the volume of radioactive material from graphs and multiplying by
an average soil density, resulting in 1.5 x 1011 grams (150,000 metric tons) of
contaminated soil. These numbers indicate that there are about 14 Ci of Ra-226
contained with its decay products in the radioactive material in the landfill.
The material also contains about 3 Ci each of U-238 and U-234, and about 1400 Ci
of Th-230. These estimates indicate the order of magnitude of the quantities
to be dealt with, although the estimate for Th-230 is regarded as conservatively
large.
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Figure 3.2 Location of surface soil samples, Area 1
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Figure 3.3 Location of surface soil samples, Area 2
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Figure 3.4 Location of auger holes, Area 1
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Figure 3.5 Location of auger holes, Area 2
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Figure 3.7 Cross-section B-B showing subsurface deposits in Area 1
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Figure 3.8 Cross-section E-E showing subsurface deposits in Area 2
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Figure 3.9 Rn-222 flux measurements at three locations in Area 2 (1981)

3-17



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

Table 3.1 RMC radionuclide analyses of water samples
from the West Lake site taken by MDNR
in 1981

Sample #

7001
7002
7003
7019
7025
7028
7029
7030
7031

7004
7021
7027
7032
7033

7009
7010
7011
7012
7017
7018
7020
7026
2
3

Type of
sample*

S
S
S
S
S
S
S
S
S

B
B
B
B
B

G
G
G
G
G
G
G
G
G
G

Gross alpha (pCi/1)

3.11
8.00
1.56
1.91
1.56

45.2
<0.64
0.52
1.43

1.04
1.56
1.04
<0.05
1.04

4.50
2.60
3.12
7.10
0.52
6.76
8.84

<2.0
15.0
2.9

Gross beta (pCi/1)

22.5
23.4 '
9.88
30.0
36.5
87.8
<1.34
35.1
26.3

19.7
29.1
32.5
26.3
29.0

22.3
15.2
10.6
16.6
33.6
36.1
30.1
38.9
41.0
7.6

See footnote at end of table.
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Table 3.1 (Continued)

Type of
Sample # sample*

7013
7014
7015
7016
7022
7023
7024
7034
7035
7036

1
4

Sampl

7014
7015
7016
7022
7028

*S =
B =
G =
L =

L
L
L
L
L
L
L
L
L
L
L
L

Type of
e # sample*

L
L
L
L
S

surface sample

Gross alpha (pCi/1)

<3.0
<3.0
<3.0
<3.0
3.45

<3.0
<3.0
<3.0
<3.0
<3.0
7.3

<3.0

Ra-226 (pCi/1)

<1.6
3.9

<1.6
2.4
1.6

Gross beta (pCi/1)

1.30
130
103
98.9
107
122
86.7
10.3
84.5
69.6
80
26

K-40 (pCi/1)

138
136
98.9
104
124

,.
off site, background
groundwater from boreholes
leachate
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Table 3.2 Radiological quality of water in perimeter monitoring wells of
West Lake Landfill (concentrations reported in pCi/1)

Well #

18
59
60
61
62
63
65
66
67
68
50***

Ra-226

-<3
-

-<3

-<3
<3
<3
<3
<3

Gross alpha*

-
3.2
--
2.8
-
12.4
4.3
5 -:

18.2
5

Gross beta*

-
9.9

--
7.4

-33.1
6.9
5.3

18.8
7.7

Gross alpha**

12.5
-
20.5
2.7
3.5
2.2
5.7

-
-
-1.3

Gross beta**

12.5
-
20.8
13.9
8.5
7.0
6.3

--

-8.1

*Samples taken November 15, 1983.
**Samples taken March 21, 1984, by UMC personnel, analyzed by Environmental

Health Lab of St. Louis County Health Department, Clayton, Missouri.
***Well #50 used as background.
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Table 3.3 Radionuclide concentrations in well water samples: May 7-8, 1986

ro

Concentrations (pCi/1)

Radionuclide Well 50a Well 51

Gross alpha 2.2 2.2

Gross beta 7.5 4.4

Ra-226 — b

Ra-228

U-total

Th-228

Th-230

Th-232

Depth to water (m) 5.0 3.8

Well 52 Well 53

1.9 11

7.5 16

0.4

1.7

22

0.5

0.9

0.3

3.2 3.3

Well 54 Well 55 Well 56

4.4 4.8 5.7

14 14 12

0.2

0.3

8.9

0.3

0.9

0.8

15.5 11.5 11.5



Table 3.3 (Continued)

Radionuclide

Gross alpha

Gross beta

Ra-226

Ra-228

U- total

Th-228

Th-230

Th-232

Depth to water (m)

Well 58

5.8

15

0.3

2.9

13

0.6

1.5

0.7

14.0

Well 59

11

46

0.3

0.5

25

0.5

0.2

0.1

Not
determined

Concentrations (pCi/1)

Well 60 Well 61

14 3.3

19 14

2.5

1.6

19

0.5

4.4

0.1

3.5 4.5

Well 62 Well 65 Well 66

5.6 3.5 1.8

10 7.4 9.9

0.8

0.6

2.3

0.8

1.2

0.6

4.2 1.9 1.9



Table 3.3 (Continued)

CO
I

rvi
CO

Radlonuclide

Gross alpha

Gross beta

Ra-226

Ra-228

U- total

Th-228

Th-230

Th-232

Depth to water (m)

Well 67

8.4

7.1

0.7

0.3

7.4

0.9

9.9

0.2

1.5

Concentrations (pCi/1)

Well 68 Well 72 Well 73

0.9 1.4 6.5

1.9 4.6 7.7

0.3

0.9

3.1

1.7

6.7

0.2

4.4 10.0 8.4

Well 75

11

22

—

—
16

0.6

12

0.2

7.6

Well 76 Well 80

3.6 0.4

6.9 3.2

—

—
2.2

0.3

0.0

— • 0.1

13.8 5.3



Table 3.3 (Continued)

10
I

fo

Concentrations (pCi/1)

Radionuclide

Gross alpha

Gross beta

Ra-226

Ra-228

U- total

Th-228

Th-230

Th-232

Depth to water (m)

Well 81

7.9

16

0.8

0.4

4.9

0.9

0.9

0.3

4.8

Well 82

17

47

0.3

0.4

13

0.4

1.8

0.3

5.1

Well 83

9.0

18

3.4

4.6

1.6

0.2

0.4

1.0

3.9

Well 84

13

27

1.7

5.8

9.0

0.6

1.3

1.1

7.0

Well 87 Well 88 Well 89

1.5 11 3.7

7.2 18 9.1

2.3

0.2

3.0

1.1

1.5

4.0

9.4 8.6 7.5



Table 3.3 (Continued)

u>I
ro
in

Radionuclide Well 90

Gross alpha 2.2

Gross beta 6.8

Ra-226

Ra-228

U-total

Th-228

Th-230

Th-232

Depth to water (m) 4.1

Well 92

7.3

11

1.0

0.8

17

0.5

0.1

0.4

13.1

Concentrations (pCi/1)

Well 93 Well 94

7.4 1.

22 9.

1.6

1.4

6.0

0.8

0.7

1.6

4.7 2.

6

9

1

Refer to Figure 2.5 for well location.

}Dash indicates analysis not performed.



Table 3.4 Radionuclide concentrations in Latty Avenue composite samples

Concentrations (pCi/gm)

Sample

Composite

Composite

Average

U-235

1 3.6 ± 0.3**

2 4.4 ± 0.3

4.0 ± 0.2

U-238

82 ± 8

62 ± 15

72 ± 9

Th-232* Th-230 Th-228 Ra-226 Ra-228

2.3

1.5

1.9

±0.6 8770 ±100 2.1 ± 0.5 64 ± 1 2.3 ± 0.6

±0.5 8950 ±370 2.0 ± 0.5 50 ± 1 1.5 ± 0.5

±0.4 8860 ±190 2.1 ± 0.3 57 ± 1 1.9 ±0.4

Pa-231 Ac-227

114 ± 2 205 ± 2

117 ± 8 Not
Performed

116 ±4 205 ± 2

*Based on Ra-228 and assumption of secular equilibrium of thorium decay series.
**Errors are 2o based only on counting statistics.

OJ
1
ro

Source: Table 2 (Cole, 1981).
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4 APPLICABILITY OF THE BRANCH TECHNICAL POSITION

The NRC has established a Branch Technical Position (BTP) which identifies
five acceptable options for disposal or onsite storage of wastes containing
low levels of uranium and thorium (46 FR 52061, October 23, 1981). Options 1-4 uxwy
provide methods under 10 CFR 20.302, for onsite disposal of slightly contam-
inated materials, e.g., soil, if the concentrations of radioactivity are small
enough and other circumstances are .satisfactory. The fifth option consists of
onsite storage pending availability of an appropriate disposal method. Table
4.1 shows the radionuclide concentrations specified for the disposal options.

The material present in the West Lake Landfill is a form of natural uranium
with daughters, although the daughters are not now in equilibrium. As
mentioned above, the average concentration of Ra-226 in the West Lake Landfill
wastes is about 90 pCi per gram, which (considered by itself) falls into
Option 4 of the BTP since Option 4 criteria are controlled by the Ra-226
content in the wastes (i.e., 200 pCi of U-238 plus U-234 per gram would be
accompanied by 100 pCi of Ra-226 per gram). However, because of the large
ratio of Th-230 radioactivity to that of Ra-226, the radioactive decay of the
Th-230 will increase the concentration of its decay product Ra-226 until
these two radionuclides are again in equilibrium. Assuming the ratio of
activities of 100:1 used above, the Ra-226 activity will increase by a factor
of five over the next 100 years, by a factor of nine 200 years from now, and
by a factor of thirty-five 1000 years from now. All radionuclides in the
decay chain after Ra-226 (and thus the Rn-222 gas flux) will also be increased
by similar multiples. Therefore, the long-term Ra-226 concentration will
exceed the Option 4 criteria.
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Table 4.1 Summary of maximum soil concentrations permitted
under disposal options

Source: 46 Federal Register 52061

Kind of material

Natural thorium (Th-232
with daughters present
equilibrium. (pCi/g)

Natural uranium (U-238
with daughters present
equilibrium. (pCi/g)

Disposal options

la 2b 3C 4d

+ Th-228) 10 50 - 500
and in

+ U-234) .; 10 - 40 200
and in

aBased on EPA uranium mill tailings cleanup standards.

Concentrations based on limiting individual intruder doses to
170 mrem per year.

Concentration based on limiting equivalent exposure to 0.02 WL or less

Concentrations based on limiting individual intruder doses to 500 mrem
per year and, in cases of natural uranium, limiting exposure to Rn-222
and its decay product airborne alpha emitters to 0.02 WL or less. .
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5 REMEDIAL ACTION ALTERNATIVE CONSIDERATIONS

The radioactive material as It presently exists does not pose an Immediate
health hazard for individuals living or working in the area of the landfill.
However, there 1s a long-term potential for the radioactive material to pose a
health problem. Therefore, this section discusses six (A-F) possible courses
of action, of which all but A and 0 are considered temporary. Option A. 1n
which no remedial action 1s proposed, 1s unacceptable because the
concentrations of radionuclides in the landfill will become too highj^ Option A
s described for comparison purposes only. Costs are based on the Oodge Guide
to Public Works and Heavy Construction, 1984.

5.1 Option A: No Remedial Action

Under Option A, no remedial work would be done on the West Lake site. The land-
fill and the radioactive soil would be left in their present condition. The
contaminated areas would be available for demolition fill emplacement and final
closure. It is not certain how much additional fill would be emplaced. Filling
would be followed by normal landfill closure operations.

Normal closure procedures consist of applying at least 0.61 m (2 ft) of com-
pacted final cover. A 0.3-m (1 ft) layer of topsoil would be placed over the
cover and upgraded to support vegetation. Establishment of a vegetative cover
would require seeding, liming, and fertilization. Surface seeps of leachate
would be eliminated. Maintenance of the monitoring wells would be required to
allow continued sampling by MDNR, should MDNR require such action. The public
would be discouraged from entering the site. After closure, a detailed descrip-
tion of the site would be filed with the County Recorder of Deeds. This de-
scription would include: a legal description of the site, types and location
of wastes present, depth of fill, and description of any environmental control
or monitoring systems requiring future maintenance (MDNR, January 1983). MDNR
regulations also specifically prohibit excavation or disruption of the closed
landfill without written approval of MDNR; no time frame is stated with this
regulation (MDNR, 1975).
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There would be no further cost under this option since no remedial actions would
be taken; i.e., costs are normal landfill costs.

5.2 Option B: Stabilization on Site With Restricted Land Use

Two areas in the landfill contain radioactive material. Therefore, the work
required for this option is described separately for each area. Never-
theless, restrictions would be imposed on the use of land within each area.
This would discourage future activities on these areas which might expose
individuals to radioactivity. No additional landfill would be permitted to be
deposited on either area. ••

Area 1

It is believed that a total of 2 to 3 m (7 to 10 ft) of soil has been added
to most of Area 1 since the 1981 land survey by RMC. This cover has altered
the radiation environment of the site. Measurements by Oak Ridge Associated
Universities (ORAU) personnel in March 1984 (Berger) showed that only a very
small area exceeded the exposure rate of 20 uR/hr at 1 m. By extending the
cover_20 m (66 ft) outward in all directions from the area showing an/unaccept-
able surface exposure rate, the shallow wastes likely to give high rates of
radon emanation will also be covered. The amount of radioactive debris in
Area 1 is relatively minor compared with that present in Area 2. Therefore, a

nf i.s m (5 ftl is considered adequate to reduce surface exposure
rates and radon emanation. After the soil cover is in place, a layer of
topso-i'LD-3 m (1 ft) thick would be emp laced, seeded, and mulched.

Area 2

Vegetation over Area 2 as well as on the slope of the berm would be cleared and
placed in the demolition portion of the landfill or disposed of as is convenient.
Brush should not be left in place and covered since this may reduce the integrity
of the soil cap. Grass should be mowed, and may be left In place.

The berm on the northwest portion of the landfill which contains an estimated
7,500 m3 (9,800 yd3) of contaminated soil would be excavated and redeposited in
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layers in a secure portion of the landfill. The actual amount can be determined
by survey during implementation of the work.

All equipment and materials now stored over Area 2 would be removed to other
portions of the site or disposed of as is convenient to the owners. Gravel
piles found on Area 2 should be removed to other portions of the site after
having been surveyed to ensure that contaminants have not been mixed with the
gravel. However, the lower 10 to 15 cm (4 to 6 in.) of rock should be left in
place and covered with the soil cap, since this gravel may have become mixed
with contaminated soil.

Such stabilization would place the contaminated soil well below the surface and
would prevent radioactive materials from eroding as can now occur along sections
of the berm. Stabilization would require emplacement of a soil cover of 48,000 m3

(63,000 yd3) to give a final slope of 3:1 with 1.5 m (5 ft) of soil at the top
of the berm. At least 1.5 m (5 ft) of soil cover would be used, as this much
soil will be required to reduce radon gas exhalation. The final slope of 3:1
on the berm would be shallow enough to prevent failure and, after the cover is
emplaced, it should be further covered with at least 0.3 m (1 ft) of topsoil
and seeded with native grasses to prevent erosion. The slope would be directed
radially outward from the center of the cap. An interceptor ditch would be
provided around the cap to channel runoff and prevent gullies from being cut
into the stabilized cover. The cover soil presently used in the landfilling
operations may be used to stabilize the berm. This soil is a clay silt (loess)
excavated near the West Lake Landfill site.

The portion of Area 2 to be covered by the soil cap includes that portion of
the landfill identified in the RMC survey as having surface exposure rates
greater than 20 uR/hr at 1 m (3.3 ft) above ground level, along with those
areas in which auger holes revealed radium-bearing soil within 1 m of the sur-
face. The shallow contaminants may be sufficiently shielded to produce low
surface exposure rates; however, these shallow deposits will still produce
radon emanations greater than the desired level of 20 pCi/m2s. Therefore, the
soil cover must be extended over these areas of shallow contamination.
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The cover soil used should be capable of compaction to a permeability of less
than 10-7 cra/s in order to keep radon release and soil leaching as low as pos-
sible. This value is based on common practices used for sealing of hazardous
waste landfills. Because accurately measuring permeability of this magnitude
is difficult, the value of 10-7 cm/s should be used only as a target cri-
terion which should, if possible, be bettered. If laboratory testing of the
cover soil presently used at the West Lake Landfill indicates that this perme-
ability can be achieved, this soil would be acceptable for use as the soil cap.
Otherwise, clay soil would have to be imported from off the site to be used in
constructing the soil cap.

The overall estimated cost for the required work under Option B is approximately
$360,000 (Table 5.1) and would require about 2 nonths to complete. Costs of this
option may be higher if the total quantity of contaminated material to be moved
is higher than the estimated quantity.

5.3 Option C: Extending the Landfill Off Site

Soil eroding on the northwest berrn of Area 2 is carrying contaminated soil off
the landfill property onto an adjacent cultivated field. A contributing factor
to the erosion is the steepness of the berm. It would, therefore, toe desirable
to lessen the slope's steepness by extending the berm onto the adjacent field.
This option would require the acquisition of approximately 2 ha (5 acres) of
land not owned by the landfill company.

In this option, Area 1 would be treated the same as in Option B. The contamin-
ated portion of the northwestern berm of Area 2 would not be disturbed. Instead
the existing berm would be extended 13 to 16 m (42 to 52 ft) onto the adjacent
field. This would require an additional solid volume of approximately 20,200 m3

(26,400 yd3) to give a final slope of 3:1 with 1.5 m (5 ft) of soil on top of
the berm. As in Option B, this cover should receive an additional 0.3 m (1 ft)
of topsoil and be seeded with native grasses to prevent erosion.

This option will require the relocation of three transmission poles. All other
necessary work for Option C is as described for Option B.
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The overall estimated cost for required work under Option C is approximately
$470,000 (Table 5.2) and would require about 2 months to complete. The extent
of work required under this option is well defined.

5.4 Option D: Removing Radioactive Soil and Relocating

This option would involve excavating and removing all contaminated soil and
debris from the West Lake Landfill and relocating it to an authorized disposal
facility.

Vegetation over Areas 1 and 2 would toe cleared and placed in the demolition
portion of the West Lake Landfill.

All equipment stored on the two contaminated areas would be removed to another
portion of the site. Gravel piles in Area 2 should be removed. The lower 10 to
15 cm (4 to 6 in.) of rock should be left in place to be disposed of with other
contaminated materials, since this gravel may have become mixed with contaminated
soil at the surface.

The areas known to contain radioactive contamination at levels above the action
criteria (20 uR/hr at 1 m) would be excavated initially. Next, the excavated
area would be surveyed to determine the extent of contamination remaining. Ex-
cavation would continue until unacceptable levels of contamination have been
removed. Immediately after excavation, the soil would be placed in 208-liter
(55 gal) approved drums (or other approved containers) for transport. Contain-
ment in the drums will prevent the spread of dust and loose soil during
transport.

Some of the nonradiological hazardous material known to be present in the
landfill could present a serious danger to workers should they excavate into
this material. Proper precautions should, therefore, be taken as the work is
being performed.

Estimated costs under Option 0 would be $2,500,000 (Table 5.3). Transporting

the contaminated soil to another site and emplacing the material there would
significantly add to the cost. This option could be completed in about
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3 months, providing that a suitable disposal facility were available to receive
the contaminated waste.

5.5 Option E: Excavation and Temporary Onsite Storage in a Trench

Under this option, as much radioactive soil would be excavated as in Option 0
and would be placed in a specially prepared trench on the West Lake site but
would not be placed in drums. This trench would become a temporary repository
for the radioactive soil. The trench would be surrounded by an impervious clay
liner to minimize leachate production and transport into the groundwater system.
The cap should give acceptable rates of surface exposure and acceptable rates
of radon gas release.

As under Option 0,, surface vegetation, machinery, and piles of crushed rock
would be removed from the surface of areas to be excavated. Design of the
trench is based upon the "secure landfill concept" (Shuster and Wagner, 1980)
with three primary functions: eliminate direct gamma-ray exposure at the ground
surface, reduce radon emanation, and prevent leaching of radionuclides to the
groundwater system.

•

The excavated area would be cut to a maximum elevation of 140 m (460 ft) rosl
over the area to be covered by the trench. The base of the trench would cover
an area 120 x 120 m (394 x 394 ft) and would have a negligible slope. Low spots
would be filled with borrow soil* compacted to at least 90% of its standard
Proctor density (SPO). Once the base for the trench has been leveled to a
final elevation of about 140 m (460 ft) msl, a blanket of borrow soil at least
1.5 m (5 ft) thick compacted to at least 90% SPO would be emplaced. Specifica-
tion of compaction of this underlayer is based on the requirement of avoiding
subsidence which could cause the clay liner to crack and fail. A clay liner
would be placed above the underlayer. The liner would be 0.5 m (1.6 ft) thick
and would have a permeability less than 10-8 cm/s (4 x 10-9 in./s). An
impermeable plastic liner could also be used.

*Borrow soil refers to a clayey-silt loess (Soil Conservation Service type CD
excavated southeast of the site for use as daily cover in the landfill ing
operation.
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Sides of the trench would be built at a 3:1 slope up to the level of the surround-
ing undisturbed landfill surface, about 143 m (470 ft) msl. The walls would
consist of an underlayer and liner as described for the base. A layer of
crusher-run limestone 0.5 m (1.6 ft) thick would be placed on top of the liner
to allow leachate buildup in the trench to be monitored and to facilitate pump-
ing should leachate buildup become a problem.

After the base and walls of the trench have been built, the previously exca-
vated debris would be placed in the trench. Then the remaining radioactive
debris would be excavated and placed in the trench. As excavation proceeds, it
will become apparent how much volume the trench must have to contain all the
contaminated soil. At this point, the walls of the trench would be raised to
an appropriate level. Excavation and filling can then proceed until the work
is complete. The final thickness of debris is expected to be from 4 to 6 m
(13 to 20 ft).

A cover, as described below, would be placed over the debris. A 1 m (3 ft)
layer of borrow soil compacted to 90% SPD will be placed over the debris. A
clay liner 0.5 m (1.6 ft) thick of permeability less than 10-8 cm/s (4 x
10-9 in./s) would be placed over the borrow soil blanket. A 0.5-m (l.-6-ft) layer
of crusher-run limestone would be placed over the clay layer to prevent
infiltration water from building up over the liner. A cover soil layer of
average thickness about 2 m (7 ft) would be placed over the rock layer.

The cover soil would be compacted and built with a surface slope of from 2% to
4% to minimize erosion. Three-tenths of a meter (1 ft) of top soil would be
placed over the cover layer and would be seeded and mulched to establish a vege-
tative cover.

Once the trench has been prepared to accept the soil, workers may begin to
excavate contaminated soil. As under Option C, an initial excavation would
remove the area of known contamination, and a cleanup phase would remove all
soil containing radionuclide concentrations above an action level of 15 pd'/g
Ra-226. As soon as the soil has been excavated, it would be hauled to the
trench and emplaced. The contaminated soil should be sufficiently compacted to
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prevent settling, to maintain the integrity of the soil cap. As fill is being
emplaced, the pipe for a monitoring well would be extended upward from the base
of the gravel underdrain. This well should be designed in a manner that would
allow future installation of a pump for drawing off leachate should this become
necessary.

Costs for Option E would be approximately $2,150,000 (Table 5.4). The estimated
costs vary somewhat, since the exact limits of excavation cannot be defined until
work begins. This work would require approximately 4 Months to complete.

5.6 Option F: Construction of a Slurry Wall to Prevent Offsite Leachate
Migration

Under Option F, radioactive soil would be left in place at the West Lake site.
The wastes would be stabilized by means of a soil cover (as under Option B) and
a downgradient slurry wall would be built around the contaminated soil. The
slurry wall would be intended to keep leachate from migrating off site. This
remedial action would be somewhat more effective than Option 8 in reducing the
potential for groundwater contamination. However, costs incurred would be
substantially higher than those for Option B or C. Benefits would be'nearly
identical to those derived by the soil cover and berm stabilization alone; the
sole advantage of Option F over Option B or C would be greater protection to .
groundwater in the Missouri River alluvium.

Vegetation, machinery, and piles of crushed rock would have to be removed as
described for Option B. A slurry wall would be constructed by excavating a
trench [approximately 1 m (3.3 ft) wide] to the depth of bedrock. This trench
would be bored out in the presence of a mud weighted with bentonite (clay) to
keep the walls from collapsing and to keep groundwater from intruding into the
trench. The trench would be excavated in sections 6 to 8 m (20 to 26 ft) long.
Once a section of trench has been excavated, concrete would be poured by tremie
into the trench to displace the slurry. The final slurry walls would each
consist of a concrete slab about 1m (3.3 ft) thick extending to bedrock and
partially.encircling the bodies of radioactive soil in both Areas 1 and 2. A

total of approximately 1300 linear meters (4,300 ft) of wall would be con-
structed to depths varying from 5 to 15 m (16 to 50 ft).

5-8
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After each of the slurry walls had been emplaced, fill would be added along the
face of the berm to stabilize the slope. Finally, a soil cover would be placed
over the contaminated areas. The berm would be stabilized and the soil cover
would be placed as outlined for Option B.

Costs of work required for Option F would be approximately $5,600,000
(Table 5.5). The exact amount of slurry wall cannot be determined until work
is begun; therefore, this cost will be highly variable. Since the walls should
extend to bedrock, the depth of soil and landfill debris will govern the depth
of the required wall. Slight errors in estimating the depth of alluvium could
result in large errors in the cost estimate. It is estimated that it would
take 6 to 8 months to complete this option.

5-9
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Table 5.1 Itemized cost of remedial action, Option B

Item Quantity Unit price Cost Reference

Clearing and grubbing 2.9 ha $1850/ha $ 5,365 *

Remove Shuman Building ~ — $ 6,200 **

Excavate contaminated 7500 m3 $10/m3 $ 75,000 t
soil and redeposit
it at a secure site

Emplace soil cover 48,000 jn3 $4.64/m3 $222,720 t

Bury clean rubble 225 m3 . $12.50/m3 $ 2,812 t

Seed and mulch cover 3.3 ha $2165/ha $ 7,145 *
Subtotal $319,242

Contingency @ 10% 31,924

.Engineering and legal 15,962
fees @ 5%
Estimated total cost $360,000̂

»

*Dodge Guide to Public Works and Heavy Construction, 1984.
**Ford, Bacon and Davis Utah, Inc., "Engineering Evaluation of the Latty

Avenue Site, Hazelwood, Missouri," NRC Contract No. NRC-02-77-197, 1978
(This Butler-type building has already been removed.)

tBased on best estimated cost.
ttAdjusted for deletion of building removal.

•
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Table 5.2 Itemized cost of

Item Quantity

Clearing and grubbing 2.9 ha

Remove Shuman Building

Relocate power 3
transmission poles

Stablize berm (fill) 20,200 m3

Emplace soil cover 48,000 m3

Bury clean rubble 225 m3

Seed and mulch cover 3.3 ha
Subtotal

Contingency @ 10%

Engineering and legal
fees @ 5%

Land acquisition 2 ha
Estimated total cost

remedial action, Option

Unit price Cost

$1850/ha $ 5,365

$ 6,200

$2060 $ 6,180

$6.70/m3 $135,340

$4.64/m3 $222,720

$12.50/m3 $ 2,812

$2165/ha $ 7,145
$385,762

38,576

19,290

$15,500/ha 31,000

$470,000

C

Reference

*

**

t

t

t

t
*

•̂

*Dodqe Guide to Public Works and Heavy Construction, 1984.
**Ford, Bacon and Davis Utah, Inc.,

Avenue Site, Hazel wood, Missouri,
(This Butler-type building has al

tBased on best estimated cost.

"Engineering Evaluation of the Latty
" NRC Contract No. NRC-02- 77-197, 1978
ready been removed. )

5-11
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Table 5.3 Itemized cost of remedial action, Option D

Item Quantity Unit price Cost Reference

Clearing and grubbing

Remove Shuman Building

Bury clean rubble

Excavate contaminated soil

Site decontamination

Packing waste for transportation

Subtotal

Contingency @ 10%

Engineering and legal
fees @ 5%
Estimated total cost

2.9 ha $1850/ha

230 m3 $12.5/m3

70,000 m3 $5.25/ra3

27,600 m3 $1.4/m2

70,000 m3 $25/m3

$ 5,365 *

$ 6,200 **

$ 2,875 t

$ 367,500 t.tt

$ 38,640 ***

$1,750,000 t

$2,170,580

217,058

108.529

$2,500,000***

*Dodge Guide to Public Works and Heavy Construction, 1984.
**Ford, Bacon and Davis Utah, Inc., "Engineering Evaluation of the Latty

Avenue Site, Hazelwood, Missouri," NRC Contract No. NRC-02-77-197, 1978.
(This Butler-type building has already been removed.)

***No costs have been included here for moving the waste, for emplacing it and
for disposal facility users fees.

tBased upon best estimate.
ttEstimated quantity of soil having Ra-226 concentrations of 15 pCi/g or more.
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Table 5.4 Itemized cost of remedial action, Option E

Item Quantity Unit price

Prepare secure trench 80,000 m3 $9/m3

Clearing and grubbing 2.9 ha $l,850/ha

Remove Shuman building

Bury clean rubble 230 m3 $12.5/m3

Excavate contaminated 70,000 m3 $5.25/m3
soil ':

Site decontamination 27,600 m3 $1.40/m3

Emplace contaminated 70,000 m3 $10.3/m3
soil

Monitoring well — —

Seed and mulch cover 0.08 ha $2,165/ha
Subtotal

Contingency @ 10%

Engineering and legal
fees @ 5%

Estimated total cost

Cost

$

$

$

$

$

$

$

$

$
$1

$2

720,000

5,365

6,200

2,875

367,500

38,640

722,200

6,000

200

,868,980

186,900

93,450

,150,000

Reference

*

*

*X

*

*

t

*

*

t

* Dodge Guide to Public Works and Heavy Construction. 1984.
**Ford, Bacon and Davis Utah, Inc., "Engineering Evaluation of the Latty

Avenue Site, Hazelwood, Missouri," NRC Contract No. NRC-02-77-197, 1978.
(This Butler-type building has already been removed.)

t Based on best estimate.
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Table 5.5 Itemized cost of remedial action, Option F

Item Quantity Unit price

Clearing and grubbing 2.9 ha $l,850/ha

Remove S human building

Relocate power 7 poles $2,060/@
transmission poles

Construct slurry wall 11,000 m2 $402/m2

Stabilize berm 20,200 m3 $6.70/m3

Emplace soil cap 48,000 m3 . $4.64/m3

Bury clean rubble 225 m3 $12.5/m3

Seed and mulch cover 3.3 ha $2,165/ha
Subtotal

Contingency @ 10%

Engineering and legal
fees @ 5%

Land acquisition 2 ha $15,500/ha
Estimated total cost

*Dodge Guide to Public Works and Heavy Construction,
**Ford, Bacon and Davis Utah, Inc., "Engineering Eva!

Avenue Site, Hazelwood, Missouri," NRC Contract No.
(This Butler- type building has already been removed

tBased on best estimate.

.

5-14

Cost Reference

$ 5,365 *

$ 6,200 **

$ 14,420 t

$4,422,000 *

$ 135,340 t

$ 222,720 t

$ 2,812 t

$ 7,145 *

$4,816,002

481,600

240,800

31,000

$5,600,000

1984.

uation of the Latty
NRC-02-77-197, 1978.
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ABSTRACT

An aerial radiological survey to measure terrestrial gamma radiation was carried out over the Mallinckrodt
Nuclear Maryland Heights Facility during October 1977.

At the same time the following properties were also surveyed: a parcel near 9200 West Latty Avenue, which
included a portion of St. Louis International Airport; and land used by West Lake Landfill. Inc., which is 8 km
northwest of the airport.

Gamma ray data were collected by flying parallel lines 60 m apart. The total area surveyed over the three
sites was 7.4 km2.

Processed data indicated that detected radioisotopes and their associated gamma ray exposure rates were
consistent with those expected from normal background emitters, except at certain locations described in
this report.

Average exposure rates 1 m above the ground, as calculated from aerial data, are presented in the form of
an isopleth map. No ground sample data were taken at the time of the aerial survey.
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1.0 INTRODUCTION

The United States Department of Energy (DOE)
maintains an aerial surveillance operation called
the Aerial Measuring System (AMS).' AMS is
operated for DOE by EG&G. This continuing
nationwide program, started in 1958. involves
surveys to monitor radiation levels in and around
facilities producing, utilizing, or storing
radioactive materials. The purpose of the survey
is to document, at a given point in time, the
location of all areas containing gamma emitting
radioactivity (visible at the surface), and to aid
local personnel in evaluating the magnitude and
spatial extent of any radioactive contaminants
released into the environment. At the request of
DOE. or other federal and/or state agencies (such
as the United States Nuclear Regulatory
Commission). AMS is deployed for various aerial
survey operations.

AMS was utilized during the period 22-28
October 1977 to radiometrically survey an area
1.6 km2 centered on the Mallinckrodt Nuclear
Maryland Heights Facility. Also surveyed was an
area 3.2 km? surrounding 9200 West Latty
Avenue, which included a portion of the St. Louis
International Airport A third site surveyed was a
2.6 km2 area centered on property operated by
West Lake Landfill. Inc.. 8 km northwest of the
airport.

The St. Louis International Airport was the survey
base of operation.

2.0 SURVEY AREA HISTORY
AND LOCATION

The Maliinckrodt Nuclear Maryland Heights
Facility is located at 2703 Wagoner Place. St.
Louis, Missqur i . This p lant r e c e i v e s
radioisotopes from various vendors and converts
them to radio pharmaceutical materials. Radio-
isotopes which they handle include 13M, "'"Tc.
"Mo, 75Se, and "Fe. Mallinckrodt Nuclear is a
Division of Mallinckrodt. Inc. (formerly,
Mallinckrodt Chemical Works). Mallinckrodt. Inc.
acquired the Maryland Heights facility from
•Nuclear Consultants, Inc. in 1965.

It is reported in an ORNL report2 and a NRC
report3 that during the period 1942 through the
late 1950's Mallinckrodt Chemical Works of St.
Louis processed uranium ore. Some of the ore

residues and processed wastes were stored on
the airport property.

In early 19GG these ore residues and uranium-
bearing processed wastes were moved from the
airport property by the Continental Mining and
Milling Company of Chicago, Illinois to the Latty
Avenue site.

In January, 1967 the Commercial Discount
Corporation of Chicago, Illinois purchased the
residues; much of the material was then dried and
shipped to the Cotter Corporation facilities in
Canon City, Colorado. The source material
remaining at the Latty Avenue site was sold to the
Cotter Corporation in December, 1969. Records
indicate that residues remaining on the site at that
time included 74,000 tons of Belgian Congo
pitchblende raffinate containing about 113 tons
of uranium; 32.500 tons of Colorado raffinate
containing about 48 tons of uranium; and 8.700
tons of leached barium sulfate containing about 7
tons o( uranium. During the period August
through November, 1970 Cotter Corporation
dried some of the remaining residues and
shipped them to their mill in Canon City,
Colorado. By December, 1970 an estimated
10,000 tons of Colorado raffinate and 8,700 tons
of leached barium sulfate remained at the Latty
Avenue site.

In April. 1974 a NRC inspector was informed that
the remaining Colorado raffinate had be~
shipped in mid-1973 to Canon City without
prying and that the leached barium sulfate had
been transported to a landfill area in St. Louis
County. A reported 12 to 18 inches of toosoil had
been stripped from the Latty Avenue site: this
supposedly had been removed with the leached
barium sulfate. However, analyses of soil
samples taken during a NRC investigation oi the
Latty Avenue site in 1976 indicated the presence
of uranium- and thorium-bearing residues.

The West Lake Landfill property is located off St.
Charles Rock Road near Taussig Road,
approximately 8 km northwest of the airport.

3.0 SURVEY METHOD AND
AIRBORNE EQUIPMENT

An enlarged aerial photo of each site was used to
lay out the survey flight lines (Figures 1. 2, and
3). The navigator visually directed the aircraft

'Formerly Aerial Measuring Syslum (ARMS)



8

tot 1JO» 1«eo_»pO fSET1 -. '. '.
' '• ieo a» 3oo aoo ue ego

FlQOf* 2. FL/GHT L/NfS. LArr/ AVENUC



1

i

loo toa no 400 MO wo menus

Figure 1 FLIGHT LINES: WEST LAKE LANDFILL
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along the programmed (light linos on the
photograph. The survey pattern consisted of
parallel lines at 60 m intervals. Flight altitude was
60 m.

A Hughes H-500 helicopter was utilized for the
survey (Figure 4). The H-500 carried a crew of
two: pilot and navigator. The helicopter
employed a lightweight version of the Radiation
and Environmental Data Acquisition and
Recorder system (REDAR). Two pods were
mounted on the sides of the helicopter: each pod
contained ten 12.7 cm diameter by 5.1 cm height
Nal(TI) detectors. Gamma ray signals from the
20 detectors were summed and routc-d through
an analog-to-digital converter and a priTso-lieiqht
analyzer. Gamma spectra were accumulated in
3-second intervals and recorded on 1/2 inch
magnetic tape.

The helicopter position was established with two
systems: a Trisponder/202A Microwave Hanging
System (MRS), and an AL-101 radio
altimeter. The trisponder master station

mounted in the helicopter interrogated two
remote transceivers mounted on towers outsidi
the survey area. By measuring the round trip
propagation time between the master and remote
stations, the master computed the distance to
each. These distances were recorded on
magnetic tape each second; in subsequent
computer processing these were converted to
position coordinates.

The radio altimeter similarly measured the time
lag for the return of a pulsed signal and converted
this to aircraft altitude. For altitudes up to 150 m,
the accuracy was ± 0.6 m or ± 2%. whichever is
greater. These data were also recorded on
magnetic tape so that any variations in gamma
signal strength caused by altitude fluctuation
could be accurately compensated.

The detectors and electronic systems which
accumulate and record the data are described
only briefly here. They are described in
considerable detail in a previous report.1

Flguw 4. HUGHES H-500 HELICOPTER CONTAINING THE RCUAR SYSJCM
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4.0 DATA PROCESSING

Data processing was dene with the Radiation and
Environmental Data Analyzer and Computer
system (REDAC). This is a computer analysis
laboratory mounted in a mobile van (Figure 5).

REOAC consists primarily of two Cipher Data
tape drives, a Data General NOVA 840 computer,
two Calcomp plotters, and a Tektronics CRT
display screen. The computer has a 32 k-word
core memory and an additional 1.2 x lO^-word
disc memory. An extensive collection of
software routines is available for data processing.

The gross count data were corrected for system
dead time and altitude deviation. Corrections to
the gross count rates were also made for
contributions from radon, aircraft background,

11

and cosmic rays. Flights over the Missouri River
were used for this purpose.

The corrected gross count rates were converted
to exposure rates at 1 m altitude, with the factor

^1024 counts per second (cps) per //R/h obtained
from calibration data over a Nevada test range.

5.0 DISCUSSION AND RESULTS

Analysis of the radiological data taken over the
area surrounding each of the sites discussed in
this report indicates that the terrestrial
/adioisotopes and associated gamma ray
exposure rates were consistent with the natural
background normally found within areas having a
similar geological basis. These background
exposure rates were in the 8-11 /jR/h range,
including 3.7/^R/h due to cosmic rays.

Figure 5. MOBILE COMPUTER PROCESSING LABODA TORY
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5.1 Mallinckrodt Nuclear

Figure 6 presents gross count rate isopleths
superimposed on an aerial photograph of the
Mallinckrodt Nuclear Maryland Heights
Facility. The isopleths shown in this figure are
consistent with the existence of point sources in a
storage room which has heavily shielded walls at
the ground level but a lightly shielded roof. Due
to this difference in shielding the aerially
determined isopleths are not representative of
what would be measured on the ground. For this

reason, and because conversion factors apply
only to uniform horizontal distributions at the
ground level, the letter labels in Figure 6 have not
been converted to exposure rates at the 1 m level.

Figure 7 is a background-subtracted energy
spectrum of the radiation from the area of
increased activity. Photopeaks observed are 364
keV and 637 keV from "ij, 740 keV and 780 keV
from 99Mo, and 1.095 MeV and 1.292 MeV from
sspe. All three of these isotopes are received by
the Facility for processing.

1.0
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ENERGY CMEV)
2.5 3.0

Figure?. BACKGROUND-SUBTRACTED ENERGY SPECTRUM: MALLINCKRODT NUCLEAR SITE
This spoctrum characterizes lite enhancud activity obsetvod in Figure 6.
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Figure fl. EXPOSURE ftA TE ISOPLE THS: LATTY A VENUE



I 5.2 Latty Avenue and Airport

injure 8 presents the exposure rate isopleths
superimposed on an aerial photograph of the
site. Figure 9 is a background-subtracted energy
spectrum of the radiation characteristics of both
jreas of increased activity. Radiation from 214Bi
accounts for all the major photopeaks observed.

This isopleth map (Figure 8) is based on gross
counts (integral counts in the energy region

between .05 MeV and 3 MeV). The factor used to
convert these" counts to the exposure rate at the 1
m level was determined from measurements at a
calibration site containing a typical mix of
naturally occurring radionuclides. Since the
spectrum shown in Figure 9 is different from a
typical natural spectrum, the conversion factor
may be in error. The isopleths, which represent
ground level exposure rates for distributed
sources, are consistent with sources whose
lateral dimensions are a few hundred feet.

1.0

I M 1 1

+ .0 + .5 1.0 1.5 2.0

ENERGY CMEV)
E.S 3.0

Figure 9. BACKGROUND-SUBTRACTED ENERGY SPECTRUM: LATTY AVENUE
This spectrum ol gamma radiation was characteristic of the areas ol increased activity at Latty Avenue and the airport as
Shown in Figure 8.
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5.3 West Lake Landfill

Figure 10 presents the exposure rate isoplctiis
superimposed on an aerial photograph of the
site. Figure 11 is a background-subtracted

energy spectrum of the radiation characteristic c
both areas of increased activity. Radiation froi
2UBi accounts for all the major photopeak
observed.

1.0

1

1

I

I

1

.0 1.0 1.5 2.0

ENERGY CMEV)
2.5 3.0

Figure 11. BACKGROUND-SUBTRACTED ENERGY SPECTRUM: WEST LAKE LANDFILL

Photopeaks shown hen characterize both areas ol enhanced activity in Figure 10.

1
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POTEMTIAL HAZARDOUS WASTE SITE
TENTATIVE DISPOSITION

REGION

V T T

SITE NUMBER

File thii form in the regional Hazardous Wttle Log File and submit • copy to: U.S. Environmental Protection Agency; Site Tracking
SyitemTKazardoiis Watte Enforcement Taak Force (EN-335); 401 U St., SV; Vaahington. DC 30460.

I. SITE I D E N T I F I C A T I O N
A. S ITE N A U £

Westlake Landfill
B. STREET

13570 St. Charles Rock Rd.
C. C I T Y
Bridgeton

O. STATE

Mo.
E. ZIP CODE

63044
IT. TENTATIVE DISPOSITION

Indicate the recommended actionff) and agencyfiea) that «hould be Involved by marking '!' In the appropriate boiei.

*eCOMMENO»TION
ACTION AGENCY
• T A T B LOCAL. P « ' V * T E

A. NO ACTION NEEDED - NO HAZARD

B. I N V E S T I G A T I V E ACTIONIS1 NEEDED (It r**. etmpUl* Section HI.)

C. R E M E D I A L ACTION N E E D E D (II r". eomp/.i. iocflon IV.)

E N F O R C E M E N T A C T I O N N E E D E D (II r.., <p*clf> In Part £ wh.lfi.r ifi* c*» *<l
0. 6« vrlminly men*(td ly lh» EPA or </>• Star* anrf trrtar lypt el •nloretaimnl fellon

It
E. RAT IONALE FOR DISPOSITION

Dioxin has not been discovered at this site in any of the sampling efforts, nor does ther

appear to be a problem with any of the 'standard* hazardous wastes. There is strong

evidence of radioactive components above acceptable limits in the landfill. No ofj-site

migration of these components is apparent. Strategy for this site is uncertain.
r. INDICATE THE E S T I M A T E D DATE OF FINAL DISPOSITION

(mo., dm?, & yr.)
G. IF A CASE DEVELOPMENT PLAN IS NECESSARY. INDICATE THE

ESTJMATED DATE ON WHICN THE PLAN WILL BE DEVELOPED
(mo.. d*r. 4 rr.J

H . P R E P A R E R I N F O R M A T I O N

i. NAUC

Steven Kinser
2. TCLCPMONC NUMBCR

913-236-2856
j. C A T C C<"«.. rf*r. *
11-06-85

III. I N V E S T I G A T I V E ACTIVITY N E E D E D
A. IDENTIFY ADDITIONAL INFORMATION NEEDED TO ACHIEVE A FINAL DISPOSITION.

See Above.

B. PROPOSED I N V E S T I G A T I V E ACTIVITY (Dftfllfd Inlommtlon)

i.METHOD FOR OBTAINING
NEEDED ADDITIONAL INFO.

{.SCHEDULED
DATE OF
A C T I O N

(mo.dfr.

3. TO BE
PERFORMED BY

CEP/4. Con-
trmclor. Slftf. »rc.)

4.
ESTIMATED
MANHOURS

S.REMARKS

• • TV»»t Of SITE IMSPCCTIO"

121

b. T T P C or UONITOHIMC

111 UCV_ 1j-
S1TE LOG"

- ft-5
C P A f» ,m T J 0 7 Q - 4 (10-771



• . Page j of 2
•'- MISSOURI DEPARTMENT OF NATURAL RESOuKCL

~~ DIVISION OF ENVIRONMENTAL QUALITY
• LABORATORY SERVICES PROGRAM

•
REPORT OF SAMPLE ANALYSIS

LANDFILL MONITORING PROJECT
r

I KAME OF FACILITY West Lake
-

SAMPLES COLLECTED BY *tf*» r.lnmin

• * HOTE:

SAMPLE DESCRIPTION

•
DATE COLLECTED
SAMPLE DUMBER

I pH Units
Specific Cond. (irahos/cm

€ 25° C)

lligrams per liter

BOD

•

COD
NH. as N
YOyKSO* as N

' 'Total t '

• Total Sulfide
IOC

_ Total Cyanide
• Non-Filterable Residue (SS)
•Filterable Residue (TDS) '

•

Alkalinity as CaC03
Fluoride .

p Chloride J,CO V
Sulfate

•Hardness as CaC03 (Ca, Mg, Fe,
•' Zn, Mn)

Potassium, Dissolved
•Sodium, Dissolved
Calcium, Dissolved

Magnesium, Dissolved
•

Tcrograms per liter

•Jadmiura, Dissolved 1$
•bhromium , Dissolved
copper, Dissolved

f on, Dissolved , iog/1 Yb *^
ad, Dissolved f0

^ ^N j£*
Manganese, Dissolved 5U ^

(ercury, Dissolved
ickel , Dissolved
irtc, Dissolved , ng/1

Arsenic, Dissolved — • - -

1liver. Dissolved _ .
f Quantity not sufficient v •

Veil 941

10-1-80
80-7418

6.3
4000

•

^x j2
19.6
0.31
3.00
0.07

63\1
^•0.01

126
2744

690
0.17

1100
1450

12.3
268
429
93

7.2

5
2.08

4

670
OHS*
120

9.72
<5
0.4

LSP-69/5-S-fif> -V% ,---."—'" \

Landfill

DATE(S)

Veil §40

10-1-80
80-7419

6.7
1450

•

^ 12
25 1 8
0:09

^-0.05
0.03

•£.0.1
37.6

*£. 0.01
162
839

• -500
O.19

7.07
J77
591

7.6
33.8
266
43

•

0.6

5
2.82

3

2310

3.50

0.2
•

J.0-1-80

Rabn Farmhouse Well

10-1-80
80-7420

6.7
1000

• :

. * «i--54 •
90.9^'
0.15
0.47

- 0.03

^•0.1
67.3

^.0.01
300
496

360 .
..... 0.61

~2.0
44

399

6.9
6.1
222
23

0.1

3.23
2

770
ONS*

0.05

0.4 eX/+/&t7~/3



I
I
I
I
I

Page 2 of 2

MISSOURI DEPARTMENT OF NATURAL RESOURCE
DIVISION OF ENVIRONMENTAL QUALITY

LABORATORY SERVICES PROGRAM

REPORT OF SAMPLE ANALYSIS
LANDFILL MONITORING PROJECT

NAME OF FACILITY West Lake Landfill

SAMPLES COLLECTED BY

MOTE:

Mike Lincoln DATE(S) 10-1-80

SAMPLE DESCRIPTION

I DATE COLLECTED
m SAMPLE NUMBER

kH Units
pecific Cond. (umhos/cm

e 25° c)
.̂ligrams per liter

BOD
KOD
|m. as N
NO-j+NOj as N

total P

otal Sulfide
TOC

fotal Cyanide
on-Filterable Residue (SS)

Filterable Residue (IDS)

Kkalinity as CaC03
uoride

Chloride
fulfate
Hardness as CaC03 (Ca, Mg, Fe,

Zn, Mn)etassium , Dissolved
dium/ Dissolved
Iciun, Dissolved .

Hagnesiiun/ Dissolved '

1

Fox Fish Market

10-1-80
80-7421

6.6
950

.....'

;̂ . 12
4.3
0.37

*SL 0.05
0.21

*l 0.1
18.0

11
492

396
0.42
7.0
63
394

3.8
18.4
110
29

Well Shallow Well f Bob's Auto Parts

10-1-80
80-7422

6.6
1900
' »

-
-̂ 22
22.1

. ' 0.2J
*£0.05

0.43

35.7
.̂0.01

38
•918

580
0.22
112
84'
623

10.3
54.5
187
38

' • .

Lcrograms per liter

tdmium, Dissolved
romiuo/ Dissolved

Copper/ Dissolved»on / Dissolved, ng/1
ad. Dissolved

Manganese , Dissolved

§rcury f Dissolved
ckel , Dissolved

Zinc / Dissolved, ng/1

f senlc , Dissolved
Iver, Dissolved

*0uantity not sufficient

0.2
•^5

4
4.18

2

290
QVS*

0.02
^5
0.2

0.7
*ZS

3
18.6

7

1.39
*>5
0.3
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\fiiri 13 '

• £ ' '1 (3/ur
I

(To be filled out by

Report of Radionuclide Analysis of
Water Sample

Public Water Supply
U.S. Environmental Protection Agency

n i a _../-.« /l/St/fl
public water supply) &**- &<*"*»- ///*"

**%£!£S£rfro-9/&9 D«. // u* Afv./tfc
• PWS Name DfPt:

Address ft a A* ;

I City -J+ff'A

(To be filled out by

I Lab Running Sample
Address and City
Lab ID Mo,

1
Contaminant

• Name

_ X"Groas Alpha Particle
• V Activity (5pc./i ;

(Radium - ^2!T>
• KSaium • '27B

Gross Beta Particle
• Activity (5 Ope. /I

Tritium
m Strontium • 90
• Iodine • 131
*- Cesium » 134

1

J/A-f-i/iA-L. /?*. ssvjteL* $»*Me» (Mo.) (Day) (Year)
if /36fff

f,* <2 ,~r<« State /*ff Zip Code ^ J / • 3.

laboratory)
Dept. of Community Health & Medical Care
Environ. Health Laboratories
801 S. Brentwood Blvd.. Clayton. Mo. 63105
00260 Analyst Staff

Analysis Analysis Analysis
Result pace Method

/ 9.al*l*4A. /JLl*t l& s/Z/rf^f
' ' bp. Pay Yr

6>. 6, f./s &A, /3.I ** I So t&tf-tftSf' ?&~0ofc
' ' I I

( 1

1 1
/ 1
t /
1 1

This form must accompany the radionuclide cubitainer to the laboratory. The public

I vater supply will be notified by the Water Supply Wild Office, U.S. CPA of Che
results of the radionuclide examinations.

1

1

1



v ^
' 1 ,/'*/ ;

V 1
1

(To be filled out by

• 1 P W E IDMOy* 0 0 -
PWS Name ff^P^ 4

1 Address /£*./- ^
City ^g.F'Ftt-

(To be filled out by

• Lab Running Sample
™ Address and City

Lab ID No,

1

•

Contaminant
Name

I F Gross Alpha Particle
^Activity (5pc./l ^

|

C_ Radium • 226^>
Radium - 228

_ Gross Beta Particle
£ Activity (50pc./l

Tritium
• S t r o n t i u m - 90

Iodine • 131
Cesium • 134

Report of Radionuclide Analysis of
Water Sample

Public Water Supply
U.S. Environmental Protection Agency

$)&&• (%»«£•+** t, /^jSp*
public water supply) ^ <£**- - '

*7/3 * Date /^ / 3 a / & f'"
'A fv&Ai tffSa tfac^ rmff+p (Mo.) (Day)
9 X S3&f
sa* fit-J State <*f0 Zip Code

lafeep?^°olf'Coninunity Health & Medical Care
Environ. Health Laboratories
801 S. Brentwood Blvd.
Clayton. Mo. 63105 Analvst

Analysis Analysis . Analysis
Result Pate Method

^x

f/s/ * '̂ ^*y **
" ' I /

; ,

* . .

/ /
/ /
/ /

1

•

This form must accompany the radtonuclide cubttatoer to the laboratory. The
water supply will be notified by the Water Supply Fit 1<J Office, U.S, EPA of
results of the radionuclide examinations, ,

1

1
1

(V««r)

£
n'-ce f>-2.

public
the
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/ _. • ~> ̂ i| l/jAfireft-h i DEPARTMENT OF NATURAL RESOURC. .

#̂t//ISION OF ENVIRONMENTAL QUALITY

1

1

1

I
•

1

1

1

JAM 0> \0LABORATORY SERVICESv^J9fl
5°L^ us*,.

PROGRAM

-^nu^V^vr e REPORT OF SAMPLE ANALYSIS
fROGR4lf LANDFILL MONITORING PROJECT

NAME OF FACILITY West Lakes Landfill

SAMPLES COLLECTED BY Randy Crawford

NOTE:

SAMPLE DESCRIPTION

DATE COLLECTED
SAMPLE NUMBER

pH Units
Specific Cond. (umhos/cm

<§ 25° C)

Milligrams per liter

BOD
COD
NH. as N
NOyKN02 as N
•Total P
MBA?
Total Sulfide
TOC
Total Cyanide
Non-Filterable Residue (SS)
Filterable Residue (TDS)
Color
Alkalinity as CaCO^
Fluoride
Chloride
Sulfate
Hardness as CaC03 (Ca, Mg, Fe,

Zn, Mn)
Potassium
Sodium
Calcium
Magnesium
Temperature

Micrograras per liter
Barium, Dissolved
Cadmium, Dissolved
Chromium, Dissolved
Copper/ Dissolved
Iron/ Dissolved
Lead, Dissolved
Selenium, Dissolved
Manganese, Dissolved
Mercury, Dissolved
Nickel
Zinc, Dissolved

-'Arsenic, Dissolved
Silver, Dissolved

*No unflltered sample

Boring #1

10-29-80
80-7125

6.6
500

16
64.4
0.84
0.54
0.21
0.34

25.8

No Result*
No Result*
^ 25

0.42
6.5
79
370

600
0.3
2
3

150
2
2

1000
< 0.1

700
1

£ 0.2

LSP-69/5-S-SO

DATE(S) 10-29-80

Slough on B.W. edge (grab)

10-29-80
80-7126

7.5
745

4.4
13.8
0.04
0.08
0.07

4. 0.04

4. 1
•

9
366
425

0.36
57.8
56
244

9°C

200 Total
0.1 Total
4.1 Total
4.1 Total
240 Total
2 Total

45 Total
70 Total

40.1 Total

14 Total
45 Total

^ 0.2 Total



Page 2 of 3

•
MISSOURI DEPARTMENT OF NATURAL RESOURC^.

DIVISION OF ENVIRONMENTAL QUALITY
LABORATORY SERVICES PROGRAM

1
REPORT OF SAMPLE ANALYSIS

• LANDFILL MONITORING PROJECT

NAME OF FACILITY West Lakes Landfill

• SAMPLES COLLECTED BYRandv Crawford DATE(S)

NOTE:

J SAMPLE DESCRIPTION

DATE COLLECTED

1 SAMPLE NUMBER
... ,

pH Units
m Specific Cond. (umhos/cra
• 6 25° C)

Milligrams per liter

I BOD
• COD

NH. as N
• N03+N02 as N
• -Total P

KBAS
_ Total Sulfide
• TOC
• Total Cyanide

Non-Filterable Residue (SS)

•

Filterable Residue (TDS)
Color
Alkalinity as CaCOj
Fluoride

1 Chloride
Sulfate
Hardness as CaC03 (Ca, Mg, Fe,

I Zn, Mn)
Potassium
Sodium

_ Calcium
• Magnesium
™ temperature

I Micrograms per liter
Barium
Cadaiun
Chromium

•
Copper
Iron
Lead

ISeleniun
Manganese
Mercury
Nickel

I Zinc ••
-"Arsenic
Silver

10-30-80

Boring 92 Black Diamond Lake (grab)

10-30-80
80-7127

7.2
1100

6
37.8 , .
0.22
0.98
0.37
0.06

33.0
.
15452
684

*• 25

0.25
42.1
159
465

12°C

700 Dissolved
1.0 Dissolved
2 Dissolved
11 Dissolved
400 Dissolved
3 Dissolved
5 Dissolved

€00 Dissolved
4.0.1 Dissolved

1310 Dissolved
2 Dissolved

4.0.2 Dissolved

1 LSP-69/5-S-SO

10-30-80
80-7128

7.5
4000

>444
845
108

4L0.05
1.0
0.07

302

24
2064
1000

0.54
355
29
718

14°C

300 Total
0.2 Total
12 Total
1 Total

3200 Total
4.1 Total
*5 Total
500 Total

4.0.1 Total

238 Total
5 Total

4-0.1 Total
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I NISbOUKI DEPARTMENT Ut NA1UKAL KtbUUKL.
DIVISION OF ENVIRONMENTAL QUALITY

LABORATORY SERVICES PROGRAM

™ REPORT OF SAMPLE ANALYSIS
LANDFILL MONITORING PROJECT

NAME OF FACILITY ffest Lake Land f 11.

1 SAMPLES COLLECTED BY Pan A; Crawford

NOTE:

• SAMPLE DESCRIPTION

* DATE COLLECTED
SAMPLE NUMBER

I pH Units
Specific Cond. (urohos/cm

I <§ 250 C)

Milligrams per liter

I BOD
COD
NH. as N

_ N03+N02 as N
• -Total P
• MBAS

Total Sulfide

I TOC
Total Cvanide
Non-Filterable Residue (SS)

_ Filterable Residue (TDS)
• Color
| Alkalinity as CaCO-j

Fluoride
_ Chloride
• Sulfate
• Hardness as CaC03 (Ca, Mg, Fe,

• Zn, Mn)
• Potassium
1 Sodium

Calcium

•

Magnesium
Temperature

rcrograms per liter
Barium, Dissolved
Cadmium, Dissolved
Chromium, Dissolved

•

Copper, Dissolved
Iron, Dissolved
Lead, Dissolved
Selenium, Dissolved

•Manganese, Dissolved
Mercury, Dissolved
Nickel
Zinc, 'Dissolved

•'Arsenic, Dissolved
• Silver, Dissolved

'Instrument Failure

Boring #3

10-30-80
80-7129

7.0
1100

7
35.1
0.11
0.22
0.16
0.07

No Result*

8496
392
+ 25

0.32
16.4
78
585

is°c

500
0.8
5.6
11

1200
4
3

1100
+ 0.1

550
J

+ 0.2

• LSP-62/5-S-80

I

DATE(S)

Boring #4

10-30-80
80-7130

€.7

-

17
42.2
0.23
0.06
0.06
0.06

No Result*
•

7310
2040
+ 25

0.20
10.2
37
747

15°C

400
1.3
6
7

1000 .

440%
+ 0.1

198
2

+ 0.2

10-30-80

Boring f 5 (Along St. Charles
Rock Road)

10-31-80
80-7131

6.7
1200

9
16.9
0.02
0.36
0.10
0.15

No Result*

896
120
+ 25

0.17
14.3
141
577

18°C

200
0.9
4
4

400

300
+ 0.1

132
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LABOKATUKX StKVi'JEJj
Report of Sample Analysis Sample No. 83-9803

CAS No.

Method 624
Volatile Organics

COMPOUND SAME
RESULTS

'-'MPLE DESCRIPHON:

C%.
1

t
I

estlake Landfill leachate discharge
to Fish Pot Creek

te Collected: 12-14-83

ollected By; Virgil Wiesner

If filiation: SLRO

Method:

ftp A Method No. 624

marks:
alyzed 1/5/84
ime by 8 days .

Sample exceeded holding

- The recovery of a spike in the
sample was not wi'thin the control
limits.

- Not Analyzed

- No Result - see Remarks

- A standard was not run and a
measurable (near KDL) peak was not
found at the expected retention time

- Tentative Identification has been
made through a library search. An
authentic standard has nriT^been run.
The esc. corc. is baa^d/on response

dard.

Approved:

lat

H. Long, 'Director
atory Services Programs.

^ave Bedan, Waste Management Prog
ill Price, Public Drinking Water Program

107-02-8
107-13-1
71-43-2
74-83-9
75-27-4

75-25-2
56-23-5
1C 8-90-7
75-00-3
110-75-8

67-66-3
74-87-3
124-48-1
75-34-3
107-06-02

75-35-4
540-59-9
78-87-5
10061-01-5
10061-02-6

100-41-4
75-09-2
79-34-5
127-18-4
71-55-6

79-00-5
79-01-6
75-69-4
108-88-3
75-01-4

Page

Acrolein
Acrylonitrile
Benzene
Bromo me thane
Bromodichloroce thane

Brottoform
Carbon Tetrachloride
Chlorobenzene *
Chloroe thane
2-Chloroethylvinyl ether

Chloroform
Chlorooe thane
Dib romo chloroce thane
1, 1-Dichloroe thane
1,2-Dichloroe thane

1, 1-Dichloroethene
trans- 1,2-Dichloroethene
1,2-Dichloropropane
cis- 1 , 3-Dichloropropene
trans-1, 3-Dichloropropene

Ethylbenzene
Methylene chloride
1, 1,2,2-Tetrachloroethane
Tetrachloroethene
1, 1, 1-Trichloroe thane

1, 1,2-Trichloroe thane
Trichloroethene
Trichlorofluorome thane
Toluene
Vinyl chloride

NA
NA

26
<27

<2.8

•<27

<2.9

11
<2.0

5.3

NA

<•) S

15

MA
130

V/



I LABOKATOKX StKVlCti) ^KUCKAfl
Report of Sample Analysis Sample No. 83-9804

1

CAS No.

•AXPLE DESCRIPnON:

Fish Pot Creek below Sulphur Spring
• Road Bridge 1000 feet

ft ace Collected: 12-14-83

Cllected By: Virgil Wiesner

filiation: SLRO

^fethod:

EPA Method No. 624

Remarks:

Analyzed 1/5/84. No detectable
—contamination was found. Sample
•exceeded holding time by 8 days.

]fL - The recovery of a spike in the
sample was not within the control

1 limits.

A - Not Analyzed

NR - No Result - see Remarks

•D - A standard was not run and a
measurable (near KDL) peak was not
found at the expected retention time.

£l - Tentative Identification has been
made thceu£h a library search. An

_ authentic stondnrd has not/toen run.
• The esc. cone. Is bajrSd on response
™ rela^ye to/an intents! standard.

• .^dfames H. Long, Director y
f Laboratory Service^Program

tis tribSition-x
ave Bedan, Waste Management Program

Jill Price, Public Drinking Water Program

107-02-8
107-13-1
71-43-2
74-83-9
75-27-4

75-25-2
56-23-5
1C 8-90-7
75-00-3
110-75-8

67-66-3
74-87-3
124-48-1
75-34-3
107-06-02

75-35-4
540-59-9
78-87-5
10061-01-5
10061-02-6

100-41-4
75-09-2
79-34-5
127-18-4
71-55-6

79-00-5
79-0 1-6
75-69-4
108-88-3
75-0 1-4

Page

Method 624
Volatile Organics

COMPOUMD NA1-E

Acrolein
Acrylonitrile
Benzene
Brococe thane
Bromodichlorome thane

Bromofora
Carbon Tetrachloride
Chlorobenzene *
Chloroethane
2-Chloroethylvinyl ether

Chloroform
Chlorone thane
Dib roco chlorome th ane
1, 1-Dichloroe thane
1,2-Dichloroe thane

1, 1-Dlchloroethene
trans- 1,2-Dichloroethene
1,2-Dichloropropane
cis-l,3-Dichloropropene
trans-1, 3-Dichloropropene

Ethylbenzene
Methylene chloride
1, 1,2,2-Tetrachloroethane
Tetrachloroethene
1, 1, 1-Tri chloroethane

1, 1,2-Trl chloroethane
Tri ch lo roe thene
Trichlorofluorome thane
Toluene
Vinyl chloride

_3

RESULT
Os/1

NA
- NA

<1 .8
<27
<3.2

<1 8
<3.1
<2 .4
<27

<2.9
<24
<2.8
<2.n.
<2.0

<•> P
<^ •)

<1 S
NA

<") S

<? fi
<"> 4
<2.3
<? 4
< ^ . 2

^ ^<? n
N A

<f\ *i

<")L

~^/
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9 MISSOURI DEPARTMENT OF NATURAL RESOURCES Appendix A
S DIVISION OF ENVIRONMENTAL QUALITY

>/^ LABORATORY SERVICES PROGRAM

/ //5^o8
S REPORT OF SAMPLE ANALYSIS

LANDFILL MONITORING PROJECT

NAME OF FACILITY Westlakes Landfill

SAMPLES COLLECTED BY Steve Berendzen DATE(S) 6-16-81

NOTE: /3-ntf

SAMPLE DESCRIPTION

DATE COLLECTED
SAMPLE NUMBER

pH Units
Specific Cond. (umhos/cm

e 25° o
Mi Hi grans per liter

CCD
KH3 as N
K03 -f N02 as N
Total Phosphorus
Filterable Residue (TDS)

Fluoride
Chloride
Sulfate
Hardness as CaC03 (Ca,Mg)

Sodium
Calcium
Magnesium

Micro grams per liter

Arsenic
Barium
Boron
Cadmium
Chromium

Cobalt
Copper
Iron
Lead
Manganese

Mercury
Selenium
Silver
Zinc

Well 034

6-16-81
81-7835

53?JS~"
Well 035

6-16-81
81-7836

,-x3-~3
Well 038

6-16-81
81-7833

OSfO
Wen 039

6-17-81
81-7834

7.1

600

56
0.12
0.05

• 0.24
613

0.1
44
90
430

16
99"
44 -

— -"'

<5
100

<100
9

< 20

<" 10
<5 ^

28,000
<C 3

970

No result
< 5
< 1

11,000

7.2

730

95
1.42

<0.05
0.41
740

0.5
43

<. 10
630

19
170
50

13
320

<100
8

<20

^10
<5

5,500
<5

2000

No result
O
< 1

4,500

- 6.5

620

No result
0.90
0.09
0.42
602

0.2
7.9
86
480

12
120
44

<5
260
590

< 2
< 20

Oo
<5

220
<5

430

No result
<5

<10

6.9

660

45
0.28
0.05
0.27
782

0.2
44
210
530

20
130
50

<5
120

<100
6

<20

< 10

Jeiooo"
< 5 '

670

Log Error
<5
< 1

1,500
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EXHIBIT 13-1 (Interim Report on the Proposed Ground Water Sampling
Program for the Primary Phase of the Hydrogeologic Investigation,
West Lake Landfill, St. Louis County, Missouri, October 1985
prepared by Burns and McDonnell, Kansas City, Missouri) will be
produced at such time as it is located by Respondent.
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I EXHIBIT 13- J (Hydrogeologic Investigation - West Lake Landfill

Preliminary Phase Report, dated January 1985 prepared by Burns and
McDonnell, Kansas City, Missouri) will be produced at such tine as

I it is located by Respondent.
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DUPLICATE

ST. LOUIS COUNTY
DEPARTMENT OF COMMUNITY HEALTH & MEDICAL CARE
DIVISION OF ENVIRONMENTAL HEALTH CARE SERVICES

AIR POLLUTION CONTROL BRANCH

June 1, 1976 1*276
Date Number

O P E R A T I N G P E R M I T

This perait to operate the equipment/process(es)
described below is granted to:

West Lake Quarry
Name

13570 St. Charles Rock Road
Location of Equipment

Such operation to be pursuant to the conditions set
out in Operating Permit Application No.: ^357

EauiDment/Process(es)

Asphalt Batching Plant

Cyclone Collector

Model: 270 & 370

99.8$ Efficiency

Stack/Vest Identification

Asypstanfr Director
Air Pollution Control Branch

(This Pemit to be visibly affixed or placed in .
accordance with Section 612.120 St. Louis County Air
Pollution Control Code.) Ten Dollar ($10.00) fee paid.
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ST. LOUIS COUNTY
DEPARTMENT OF COMMUNITY HEALTH & MEDICAL CARE
DIVISION OF -ENVIRONMENTAL HEALTH CARE SERVICES

AIR POLLUTION CONTROL BRANCH

August 7. 1979 04550
Date Number

O P E R A T I N G P E R M I T

This permit to operate the equipment/process(es)
described below is granted to:

Westlake Quarry &
Name

St. Charles Rock Road & Tanec-tg PnaH
Location of Equipment

Such operation to be pursuant to the conditions set
out in Operating Permit Application No.: 2691

Equipment/Process (es)

Dust Suppression System

Make; Johnson-March

600 tons/hour

Stack/Vent Identification

N/A

Director
Air Pollution Control Branch

(This Pemit to be visibly affixed or placed in
nccorckinco with Section 61?. 120 St. Louir, County Air
Pollution Control Code.) Ten Dollar ($10.00) foe paid.
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ST. LOUIS COUNTY
DEPARTMENT OF COMMUNITY HEALTH & MEDICAL CARE
DIVISION OF ENVIRONMENTAL HEALTH CARE SERVICES

AIR POLLUTION CONTROL SECTION

August 10, 1987 GG5563
Date Number

OPERATING PERMIT

This permit to operate the equipment/process(es) described
below is granted to:

West Lake Quarry
Name

13500 St. CHarles Rock Rd.
Location of Equipment

Such operation to be pursuant to the conditions set out in
Operating Permit Application No. 6887

Equipment/Process (es)_

Mineral Storage Silo

Asphalt Plant #1

J5achousê 40il JiCFM

Enforceable Permit Conditions

Stack/Vent Identification

Elaine J.
Air Poll

.oades,'' Program Manager
Control Section

(This permit to be visibly affixed or placed in accordance
with Section 612.120 St. Louifl County Air Pollution Con-
trol Code.) Fee paid $
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STATE OF MISSOURI

DEPARTMENT OF NATURAL RESOURCES
MISSOURI CLEAN WATER COMMISSION

••.*.•»••«

I
I
I
I
I AUTHORIZATION TO DISCHARGE

UNDER THE NATIONAL POLLUTANT DISCHARGE
ELIMINATION SYSTEM

In compliance with the Federal Water Pollution Control Act, Public Law 92-500,92nd Congress, (hereinafter, the
Act) as amended, and the Missouri Clean Water Law, (Chapter 644 R.S. Mo. Cum. Supp. 19$6, hereinafter, the Law).

• Permit No. MO-0108634 Applicant No. MO-0108634

Owner West Lake Quarry and Material Company

I Owner's Address. 1297& st- Charles Rock Road, Bridgeton, Missouri 63044

Facility Name: West Lake Quarry and Material Company

• Facility Address: 13570 St. Charles Rock Road, Bridgeton, Missouri 63044

•

Legal Description. u - s - Survey 131, (NW 1/4, SW 1/4, SE 1/4, Sec. 31- projected), T46N,
R5E, St. Louis County

Receiving Stream & Basin: Unnamed tributary to Missouri River
(10300200-04-00) (Missouri River and Eastern Tributaries Basin)
is authorized to di.s.r.jrge from the facility described herein, in accordance with the effluent limitations and
monitoring requiiemt'r.ts as set forth herein:

FACILITY DESCRIPTION
Outfall #001 - Limestone Quarry

Storm water runoff.
Design flow is 700 gallons per minute/occurrence.

This permit only authorizes wastewater discharges under the NatJondTPofluhot Discharge Elimination System: it
does not apply to other regulated areas. This permit may be appealed^ in accordance with Section 644.051.6 of the
Law.

December 30. 1988
former. Ph.D.

ehi of Natural

</
October 31, 1993 / ~ l</..»./_^~ /~f v^/'.<^^^^-> *>

K.Npir . i tu i i i I ):it>.- Permit Administrator lor Missouri CTe:in \V:iicrj Coiv.iy.ission

MOTSO-0041 I5-B7, / /



A. EFFLUENT LIMITATIONS AND MONITORING REQUIREMENTS
HAGE NUMBER 2 of 3

PERMIT NUMBER MO-0108634

The permittee is authorized to discharge from outfall(s) with serial number(s) as specified in the application for this permit. The final
effluent limitations shall become effective upon issuance and remain in
effect until expiration of the permit. Such discharges shall be controlled, limited, and monitored by the permittee as specified below:

OUTFALL NUMBER
AND EFFLUENT
PARAMETER(S)

Outfall #001

Flow-m3/Day

Settleable Solids

Non-Filterable Resi
Total Suspended So

pH - Units

* Monitoring regui

** pH is measured i
of 6.0-9.0.

UNITS

MGD

ml/l/hr

ue mg/1
ids)

SU

ement onl

pH units

MONITORING REPORTS SHALL 2E SUBMIT
THERE SHALL BE NO DISCHARGE OF FLOA

FINAL EFFLUENT LIMITATIONS
DAILY

MAXIMUM

*

1.0

45

**

y.

and is not

WEEKLY
AVERAGE

to be avera<

rpn quarterly
TING SOLIDS OR VISIBLE FOAM IN

MONTHLY
AVERAGE

*

30

*»

ed. The pH

; THE FIRST REPC
OTHER THAN TR/i

MONITORING REQUIREMENTS

MEASUREMENT SAMPLE
FREQUENCY , TYPE

each occurrence estimate
of total

once/each grab
occurrence

once/each grab
occurrence

once/each grab
occurrence

is limited to the range

'RTISDUF b-2b-89
iCE AMOUNTS.

B. STANDARD CONDITIONS
IN ADDITION TO SPECIFIED

STANDARD CONDITIONS Df

FULLY SET FORTH HEREIN

CONDITIONS STATED HEREIN, THIS PERMIT IS SUBJECT TO THE Al
TEn October 1 IP 80 AC

TArwpp Part I
vID HEREBY INCORPORATED AS THOUGH

UO 78OOJ10 (4-87)
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Page 3 of 3
Permit No. MO-0108634

C. SPECIAL CONDITIONS

1. Within one year of the issuance date of this permit, the permittee shall submit a
completed CWC 105 Form C. All required analytical results shall be submitted.

2. This permit may be modified, or alternatively, revoked and reissued, to comply with
any applicable effluent standard or limitation issued or approved under Sections
301(b)(2) (C), and (D), 304(b)(2) and 307(a)(2) of the Clean Water Act, if the
effluent standard or limitation so issued or approved:

(a) Contains different conditions or is otherwise more stringent than any effluent
limitation in the permit; or

(b) Controls any pollutant not limited in the permit.

The permit as modified or reissued under this paragraph shall also contain any other
requirements of the Act then applicable.

3. Permittee shall insure that leachate and storm water runoff from the adjacent
Laidlaw, Inc. Landfill shall not be discharged through Outfall #001.
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EXHIBIT 19

MINUTES OF CORPORATE DIRECTORS' MEETINGS

Produced simultaneous with, and attached separately to, the
104(e) Response of The Shrine of St. Jude are copies of minutes of
directors' meetings. The Shrine hereby asserts a confidentiality
claim with respect to these minutes, pursuant to §§104 (e) (7) (E) and
(F) of CERCLA, 42 U.S.C. §§9604(e)(7)(E) and (F), Section 3007(b)
of RCRA, 42 U.S.C. §6927(b), and 40 C.F.R. 2.203(b).
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11701 BORMAN DRIVE, SUITE 340, ST. LOUIS, MISSOURI 63146
(314) 993-W99 FAX NO. (314) 993-4895

I
• ^afe DAMES & MOORE

i
June 14, 1990

I

I Mr. John Basilico
United States Real Estate
Ford Financial Group

I 13517 Lake Front Drive
Earth City, MO 63045-1414

• RE: Phase n She Investigation

A PROFESSIONAL LIMITED PARTNERSHIP

Earth City Property Adjacent to West Lake Landfill
Pa"m & Moore Job No.t 19943-002-045

Dear Mr. Basilico:

Enclosed for your information are two (2) copies of the Phase n Site Investigation final
report for the above referenced property.

Should you have any questions or wish to discuss this report in any way, please do not
hesitate to contact Ms. Linda Black or myself.

Very truly yours,

DAMES & MOORE
A Professional Limited Partnership

F. Vajda, P.E.
icr (Ltd.)

Managing Principal

I
gfv/ken
Enclosure

\
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1.0 INTRODUCTION

In April, 1990, Ford Financial Services Group, U.S. Real Estate authorized Dames &
Moore to proceed with a Phase n Site Investigation to further document pre-transaction
conditions at property adjacent to a proposed National Priorities list (NPL) site. This report
presents a summary of the field techniques employed during this investigation and conclusions
based upon analytical results from collected samples.

1.1 Executive Summary

The Phase n Site Investigation involved a more in-depth investigation of organic,
inorganic, and radiological contamination of the Ford Property that is believed to be related to
the adjacent West Lake Landfill. Upon review and evaluation of all information obtained from
this investigation, several concluding remarks can be made which best summarize this effort.

First, the gamma radiation survey conducted on surface soils in areas north and west of
the West Lake Landfill (i.e., areas which receive a large amount of surface runoff from the
landfill) indicated that there is no significant surface radiological contamination present.
Radiological contamination present within the landfill, therefore, does not appear to have
contributed any significant contamination due to surface runoff to the 23 acres surveyed.

Second, in addition to the surface soil survey just described which required the use of
a direct-reading meter, surface soil samples where also collected from 0-12 inches in depth from
property locations adjacent to the landfill and submitted for more in depth chemical and
radiological analysis. Soil samples were collected in locations where contamination was
suspected from the Phase I effort and in locations where contamination might reasonably be
expected. Although very low levels (parts per billion) of organic contamination were provided
in the analytical report for the two soil sample composites, these values were actually below the
analytical limit of detection and are, consequently, not significant. Of all the soil samples
collected (a total of 20), only the samples collected from the two (2) locations where radiological
contamination had been indicated from the Phase I investigation had radiological contamination
(i.e., the biased samples). No further surface radiological contamination beyond these biased
locations is evident based upon this information and the gamma radiation survey.

Third, sediment/soil samples were collected and analyzed from four (4) locations where
chemical or radiological contamination might reasonably be expected to have migrated from the
landfill via surface water. As with the soil samples, only low level organic chemical
contamination was indicated which is likewise believed to be attributed to the sampling technique
and not to actual soil contamination. Radiological contamination is also not evident in these
samples.

D&M Job No. 19943-002-045
June 26, 1990



Fourth, subsurface soil conditions were also surveyed radiologically down to ground water
in several locations to the north and west of the landfill. Gamma radiation and volatile organics
were measured in soil borings down to groundwater using a GM-type survey meter and a
photoionization detector, respectively. Neither radiological contamination nor chemical
contamination of any type was evident.

Fifth, groundwater was sampled and analyzed chemically and radiologically by installing
monitoring wells in the same soil borings that were mentioned previously. Low level (part per
billion) concentrations of some organic chemicals were detected in several of the groundwater
samples. Several of these, however, are believed to be attributable to background contamination
from the laboratory, and as such, do not represent a significant environmental concern. Two
semi-volatile BNAs (chrysene and Bis (2-ethylhexyl)phthalate) were, however, also detected in
very low levels (1-27 ppb) in four (4) of the well samples. Other chemical contaminants tested
for in the groundwater (i.e., metals, cyanide) were not present in sufficient concentration to
represent a significant environmental concern. Although radiologically speaking there were
conflicting results from the two laboratories used, there does not in any case appear to be
significant groundwater contamination. The one parameter that was tested and found to be
somewhat elevated in some of the water samples (gross alpha) is of secondary importance since
the sum of the individual components that typically comprise this parameter failed to confirm
the gross alpha totals.

With the exception of two (2) biased locations adjacent to the West Lake Landfill where
radiological contamination is evident (Bl and B2), it is unlikely that the results provided from
this investigation can be interpreted as evidence that the radioactive material resident in the West
Lake Landfill has migrated to Earth City property.

1.2 Project History Summary

In December, 1989, Ford retained Dames & Moore to prepare an assessment of the
radiologic conditions at their properties in Earth City, Missouri, as part of a pre-divestiture due
diligence effort. The scope of the Phase I effort was primarily to respond to concerns raised by
the proximity of the West Lake Landfill, located immediately to the east of the property under
review (Figure 1). On October 23, 1989, the landfill was proposed for addition to the National
Priorities List under CERCLA, due to improper acceptance during the early 1970's of radiologic
materials primarily from the Department of Energy's Laity Avenue operations.

Upon completion of a review of available information, and a limited sampling effort,
Dames & Moore concluded that the data suggests that significant off-site migration of radioactive
contaminants from the landfill via groundwater has not occurred. However, it was
recommended that surface contamination attributable to landfill runoff be further characterized.

D&M Job No. 19943-002-045
June 26, 1990



This Phase n Investigation has been developed to document more extensively field
conditions by means of additional soil and water sampling for an expanded set of parameters,
believed to be more representative of potential landfill contents.

1.3 ficnpe of Work Summary

- The services performed during this Phase n investigation included the following five
elements:

o Overland Gamma Survey - Gamma radiation levels were measured at one
centimeter and one (1) meter above the ground surface to ascertain whether
additional areas of surface radioactive contamination exist;

o Surface Soil Sampling - Discrete and composite soil samples were collected in
the two known "hot spots", in random areas, and in one background location;

o Sediment Sampling - Discrete sediment samples were collected from drainage
areas likely to be influenced by runoff from the landfill;

o Soil Borings/Downhole Gamma Logging - Seven soil borings were advanced to
15-25 feet depths. Cuttings were screened for organic vapors and for radiation
levels. Gamma radiation levels were also measured and recorded inside the
borehole, advancing in six-inch increments to the water table; and

o Ground water Sampling - Monitoring wells were installed at each of the borings.
Samples were collected for laboratory analysis for organic, inorganic, and
radiologic parameters.

2.0 OVERLAND GAMMA SURVEY

Between April 9 and 13,1990, Dames & Moore personnel conducted an overland gamma
radiation survey of 23 acres adjacent to the landfill which had not previously been surveyed.
These measurements would indicate areas, if any, where radiation levels were elevated above
ambient background.

D&M Job No. 19943-002-045
June 14, 1990



2.1 pjpld Investigation

The overland gamma survey covered the areas shown on Figure 2. The area to the north
of the landfill, and to a lesser extent, along Old St. Charles Rock Road were surveyed to assess
potential migration of radiologic materials via surface routes. Areas adjacent to the recently
excavated drainage ditch/lake were surveyed to assess the levels of radiation in the material
dredged from the ditch, which may have intercepted potentially contaminated groundwater.

The gamma radiation survey was set up using a 10 x 10 meter survey grid to maintain
reproducibility and accuracy. Each section was first marked with stakes, using the S66 48'41"
E line, road coordinates, and chain-link fence which delineates the landfill, as the three primary
reference lines. Section grid lines were established 90 degrees from the reference lines at 10
meter intervals. Three grids were established - the largest encompassed the area north of the
landfill and covered approximately eight (8) acres. The second was established to the west of
Old St. Charles Rock Road in an area of disturbed soils recently excavated from a nearby
drainage ditch/lake. The third was also established west of Old St. Charles Rock Road and
paralleled nearly the entire Ford/West Lake common boundary over an area of soils excavated
from the nearby drainage ditch/lake.

Two calibrated Bicron microrem radiation survey meters were used for radiation level
measurements at each intersection of the grid at one centimeter and one meter above the ground
surface. These instruments use a tissue-equivalent plastic scintillator as the detection medium
to provide accurate dose rate information relative to biologic tissue. An instrument operability
check, which included a battery, background and source check was performed daily prior to use
and several times during use, to assure property instrument operation while performing the
survey. Both survey instruments were calibrated by the manufacturer and certificates of
calibration are attached as Appendix A.

2.2 Investigation Results

Gamma radiation levels measured during the survey of the property are tabulated in Table
1. A map of the grid points is attached as Figure 3. Background radiation measurements were
recorded from several areas off-site and in ambient areas located on-site. The average
background dose rate for the two instruments in these areas ranged from three (3) to six (6)
microrem per hour which corresponds with levels identified by ORNL in a study titled "State
Background Radiation Levels 1975-1979" (report #TM-7343) which gives levels for the East St.
Louis area of between four (4) and eight(8) microrem per hour. All measurements made on the
property represented actual instrument readings without background data subtraction. Raw data
tabulated in Table 1, represent readings obtained at each survey point one meter and one
centimeter above ground surface. The primary reference point for each grid is indicated on
Table 1 and the site map (Figure 3) as point 0,0. All tables give the survey point locations

D&M Job No. 19943-002-045
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based on their position relative to the reference point within the data matrix.

!' The U.S. Environmental Protection Agency guidelines for site cleanup and management
of residual uranium and thorium (40 CFR 192, Subparts B & E) require that the exposure rate
measured at a distance of one meter above the ground surface be less than 20 microrems per
hour above background. In the case of the present survey, results did not exceed twice the
measured background rate in any of the areas surveyed.

Contaminants located within the West Lake Landfill did not appear to influence the
surface gamma radiation readings over the 23 acres surveyed. Although some fluctuations were
present in the data, elevated gamma radiation readings within three times the average
background measurement are not considered to be of consequence unless a systematic increase
is noted. Site-wide trends were not readily apparent from the collected data.

3.0 SOIL SAMPLING

Surface soil samples were collected at several locations to characterize existing soil
conditions in areas of the site adjacent to the landfill where contamination is suspected, and
where contamination might reasonably be expected.

3.1 Field Investigation

Two composite soil samples (COMP-1 and COMP-2) were collected from the areas
indicated on Figure 4 (shown as Cl and C2). It is believed that the soils dredged from the ditch
along Old St. Charles Rock Road has been spread over these areas. These soils were therefore
sampled to indicate whether any contaminants may have settled out from surface waters carried
in the ditch. Each samples was collected from six points in the area shown, and submitted for
analysis for total petroleum hydrocarbons (TPH), semi-volatiles, pesticides, PCBs, herbicides,
metals, and cyanide, as well as radiological parameters.

Six unbiased soil samples (UB1-UB6) were collected at the locations shown on Figure
4. These areas were distributed along the general perimeter of the landfill to provide
information regarding existing soil conditions. Each sample was collected at 0-6 inch depths and
submitted for radiological analysis.

Biased soil samples were collected at two locations (Bl and B2) as shown on figure 4,
which were identified during Phase I as having elevated gamma radiation levels. Samples Bl A,
BIB, B2A, and B2B were collected at 0-6 inch depths. Samples B1C and B2C were collected
at 6-12 inch depths. All six samples were analyzed for several radiological parameters.

D&M Job No. 19943-002-045
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Samples were collected manually using either a stainless steel trowel or a stainless steel
hand auger. Sampling equipment was decontaminated with Alconox detergent wash and a
distilled water rinse between each sample.

Samples requiring radiological analysis were placed in plastic bags provided by the
laboratory. Organic and inorganic samples were placed in jars provided by the laboratory (Table
2) Organic and inorganic samples were placed in an iced cooler. All samples were shipped
to the respective laboratories via overnight delivery accompanied by Dames & Moore chain-of-
custody records (Appendix B). ,

3.2 Investigation Results

A summary of organic and inorganic data is presented in Table 3. For nearly all
parameters, there are no indications that samples COMF1 and COMP2 vary significantly from
the background sample BKG.

Exceptions of note are the results of analyses for semi-volatile compounds. No semi-
volatiles are indicated in the background sample, however, two compounds were detected in
COMF1 and six compounds were detected in COMP 2. The semi-volatile compounds detected
in the composite samples have been attributed to the sampling technique, which involved mixing
the composite inside a plastic zip-lock bag. The background sample was collected directly into
sample jars without contact with a bag.

A summary of the radiological data for soil samples is presented in Tables 4A, 4B, 4C,
and 4D. All values are reported in units of picocuries per gram of sample plus or minus the
error associated with the analysis at a 95 percent confidence level (+ 2 sigma). All soil samples
were analyzed for gross alpha and gross beta content and the specific nuclides uranium-234,
235/236, 238; thorium-230,232; potassium-40; cesium-137 and radium-226, 228. Values
reported as less than (<) a specific value, are considered below the analytical instrument's lower
limit of detection. Table 4A shows that the analytical results reported for unbiased samples UB1
through UB6 are indistinguishable from the background sample collected at the same depth as
well as background samples analyzed for the Phase I investigation. Biased samples collected in
the two areas identified as above background in the Phase I investigation, show, as expected,
elevated gross alpha and gross beta.

For area 1 (Table 4B) gross alpha and gross beta for biased samples are elevated by
factors of 55 and 10.6 respectively, while for Area 2 (Table 4C) levels are elevated by factors
of 200 and 31, respectively. Similarly, elevated levels of uranium-234 and 238 are reported at
6.5 and 6 times background (Table 4B) and factors of 13.3 and 8.1, respectively (Table 4C).
Thorium-230 values in sample B1A and BIB average over 400 times background, while B2A
and B2B average over 900 times background. Thorium-232 however averaged only 3 times and
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6 times background for areas 1 and 2, respectively. Ra-226 concentrations in the biased soil
samples analyzed from areas 1 and 2 averaged 31 and 34 times background respectively. The
above results refer only to the data reported for the 0-6" sample depth. The reported
concentrations for the above mentioned nuclides in the 6-12" depth are equally elevated for the
area 1 sample but are somewhat lower for the area 2 sample.

Composite soil sample results reported in Table 4D are indistinguishable from
background.

4.0 SEDIMENT SAMPLING

Sediment samples were collected at four locations at the site to characterize existing
conditions in areas where contamination might reasonably be expected to have migrated via
surface water.

4.1 Field Investigation

Four sediment samples (S1-S4) were collected at the locations shown on Figure 5.
Samples SI and S2 were collected from the bottom of the drainage ditch which runs along Old
St. Charles Rock Road. These samples were analyzed for several radiological parameters.

Sample S3 was collected from the bottom of a ponded area near St. Charles Rock Road.
Sample S4 was collected from beneath the outlet of a surface water drain which originates at the
base of the landfill berm, and emerges from the embankment of Old St. Charles Rock Road.
Both samples were analyzed for organic and inorganic as well as radiological parameters.

Samples were collected using either a stainless steel trowel or a stainless steel hand
auger. Sampling equipment was decontaminated with Alconox detergent wash and a distilled
water rinse between each sample.

Radiological samples were placed in plastic bags provided by the laboratory. Organic
and inorganic samples were placed in jars provided by the laboratory (Table 2). Organic and
inorganic samples were placed in an iced cooler. All samples were shipped to the respective
laboratories via overnight delivery accompanied by Dames & Moore chain-of-custody records
(Appendix B).
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4.2 Investigation Results

A summary of organic and inorganic data is presented in Table 5, as a comparison with
background soil sample BKG. For nearly all parameters, there are no indications that samples
S3 and S4 vary significantly from the background sample. Mercury was detected only in sample
S4, at 0.18 ppm only slightly above the reported detection limits.

Semi-volatile analytical results are similar to the soil samples, where several compounds
were detected. Again, this is attributed to the sampling technique which involved mixing of the
composite sample inside of a plastic zip-lock bag. The background sample was collected directly
into sample jars without contact with a bag.

A summary of the radiological data is presented in Table 6. Review of this table shows
that, for the radiological parameters specified, all data is indistinguishable from background
except for the gross alpha value of sample S4 which is reported as 6.6 times background. Upon
reanalysis of this sample by ITC, however, a much lower gross alpha value was obtained. For
reasons explained in Section 7.1.3 of this report, the second analysis, which indicated a gross
alpha level of 19.3 ± 8.6, is considered to be more valid.

5.0 SOIL BORINGS/DOWNHOLE GAMMA LOGGING

Soil borings were advanced at seven (7) locations at the site to observe and assess
subsurface soil conditions to the depth of the groundwater table. Additionally, gamma radiation
was measured inside each borehole to provide vertical profiles of radiation levels.

5.1 Field Investigation

Soil borings were advanced to the groundwater table at seven locations shown on Figure
6, using an ATV-mounted hollow-stem auger drill rig. Samples were retrieved using a 3-inch
diameter continuous sampler. Downhole drilling equipment was decontaminated between borings
by pressure washing with water.

Geological observations made of the retrieved soils were maintained on Soil Boring Logs
presented in Appendix D. Retrieved soils were field screened for VOCs with a photo-ionization
detector, and for radiation levels with a G-M type survey meter.

Gamma radiation levels were measured inside the auger stem using an Eberline ESP-2
ratemeter and shielded SPA-3 scintillation detector. The detector was advanced in six-inch
increments to depths approaching groundwater. Gamma logging measurements are shown in
Tables 7-101 through 7-107, with graphical presentations in Figures 7-101 through 7-107.
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5 2 Investigation Results

Borings depths ranged from IS to 25 feet depending on the depth to groundwater. Soil
types varied from silty to sandy silt, typically becoming coarser with depth. Some stiff silt or
clay was noted. No volatile compounds were detected at any depth in any boring. Radiation
levels were consistent with background levels.

All gamma logging data was consistent with background levels.

6.0 GROUNDWATER MONITORING

Groundwater monitoring wells were installed in each of the seven (7) soil borings at the
locations shown on Figure 6. Well construction details are described in Section 6.1 and
diagramed in Appendix E. Ten samples were collected for laboratory analysis according to the
techniques discussed in Section 6.2. Analytical results are discussed in Section 6.3.

6.1 Monitoring Well Installation

As described in Section 5.0, soil borings were advanced by hollow stem auger. Upon
completion of each boring, a 10-foot length of 2-inch diameter 0.010 slotted PVC well screen
was placed to the bottom of the boring. PVC riser pipe was extended above the ground surface.
A sand Miter-pack was placed about the well screen as the auger flights were gradually removed
from the borehole, typically to 2-feet above the top of the screened interval. A 1.5 - 2 feet thick
bentonite pellet seal was placed above the sand pack. In wells MW101 and MW102, a cement
slurry with a bentonite additive was placed from the top of the seal to a few feet below ground
surface. At all wells, a cement-aggregate mixture was placed to the ground surface to secure
the steel well protector, and to form a small concrete pad to deflect surface water away from
the well. The PVC riser was fitted with a PVC screw cap and a padlock was placed on the steel
protector. Well construction diagrams are shown in Appendix E.

Efforts by drilling contractor Brotcke to develop MW104 on April 12 using a tank of
compressed nitrogen to drive an air-lift system were not successful. On Friday, April 13, 1990,
personnel returned to develop the wells using an air compressor to drive water from the well.
Purging efforts were continued for 30 minutes at each of the four wells (MW101, MW102,
MW103, and MW104). The three remaining wells were not accessible due to wet ground
conditions, and were developed by bailing.
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Groundwater sampling was conducted by Dames & Moore personnel on April 17 and 18,
1990. The following procedure was used at each well.

The depth to water from the top of the PVC casing was recorded to the nearest 1/16"
using a chalked steel-tape. Standing water was purged from the well using a disposable
polyethylene bailer (Voss Technologies). After removing one well volume, field measurements
of temperature, pH and specific conductivity were made using a calibrated Hydac meter
(Cambridge Scientific Industries) outfitted with an Orion pH probe. Field measurements were
taken following each subsequent well-volume purged until three successive sets of measurements
fell within the following ranges:

Temperature: +/- 0.5° C
pH: +/-0.1pHunit
Conductivity: +/- micromhos

Typically, four (4) or five (5) well volumes were sufficient to accomplish stabilization.
Field measurements are summarized in Appendix F. Based on contaminant levels during soil
boring activities, purged water was discharged to the ground surface.

Upon stabilization, water samples were collected for laboratory analysis. Table 8 shows
the volumes collected and preservations used to constitute one sample.

Samples were shipped via Federal Express to the appropriate laboratories for analysis
(MW109 was hand delivered to Envirodyne), under Dames & Moore chain-of-custody
procedures (Appendix B). Organic and inorganic samples were shipped in iced coolers. Each
day, all VOA sample vials were placed in the same cooler, and were accompanied during
shipment by trip blanks (TR-1 and TR-2).

6.3 Investigative Results

Data from organic and inorganic analyses are summarized in Table 9. Data packages
from Southwest Laboratories and Envirodyne Engineers are provided in Appendix C. Data from
the radiological analyses are summarized in Table 10. Data packages from ITC and CEP are
provided in Appendix B.

A review of the organic and inorganic data indicated that pesticides, PCBs, herbicides,
and cyanide were not detected. Several VOCs were identified near or below detection levels.
Methylene chloride was detected at low levels (1-26 ppb) in all samples analyzed by Southwest.
Similarly, acetone was detected (3-17 ppb) in most samples. Both compounds were detected in
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the Southwest QA/QC method blank, and are frequent laboratory contaminants. The absence
of these compounds in the Envirodyne analysis of MW109 (duplicate of both MW102 and
MW108), reinforces the interpretation that the methylene chloride and acetone results are not
accurate. Low levels of 1-1 dichloroethane are indicated in well MW102 and MW109 (3 ppb
and 6 ppb, respectively). Toluene, ethyl benzene, and xylene were indicated in well MW103
in low levels also.

Two BNA (binuclear aromatic) compounds, chrysene and bis (2-ethylhexyl) phthalate,
were also indicated in low levels in four (4) of the monitoring wells. Bis (2-ethyIhexyl)
phthalate was present in MW102, MW105, MW106, and MW109D while chrysene was present
only in MW102.

Several metals were detected at low levels as well. Copper and zinc were consistently
indicated in samples analyzed by Southwest. Antimony and nickel were also indicated in
approximately half of the samples by Southwest. EEI/TCT reported the presence of arsenic,
mercury, selenium, and silver in the two samples which they had analyzed (MW109 and
MW109D). While there is a wide disparity in the metals results presented by the two
laboratories, none of the actual reported quantities are at significant levels to be of concern.

Results of radiological analyses for groundwater samples collected during the Phase II
investigation are reported in Tables 10A through 10D. Due to the propensity of groundwater
samples collected from wells to contain filterable soil paiticulates which can skew results, all
samples were analyzed as raw unfiltered water and as filtered water using a 0.45 micron filter
medium. All results are reported as picocuries per liter of sample plus or minus the 2 sigma
associated error. Numbers reported as less than (<) the reported value are below the limit of
detectability for the given nuclide and analytical method. All results reported for filtered
samples are indistinguishable from background data as represented by the off-site well water
results of Table 2 in the Phase I report. Further, the filtered data would easily meet all existing
radiological limits established for drinking water by the EPA (40 CFR 141). Of the unfiltered
results four samples (MW-103U, MW-105U, MW-106U, and MW-107U) would not meet the
EPA gross alpha criteria of 15 pCi/1 for drinking water, but would meet all other established
limits. However, since raw unfiltered groundwater would not be acceptable as drinking water,
this comparison serves no purpose.

7.0 CONCLUSIONS

'•1 Radiological Investigations

7.1.1 Overland Gamma Survey

The results of the overland gamma survey discussed in Section 2 of this report clearly
show that all areas surveyed were indistinguishable from ambient radiation levels associated with
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nearby off-site locations. This conclusion is further supported by the results of the unbiased and
composite soil sample analyses which were also indistinguishable from background radionuclide
concentrations for the Phase H investigation area.

7.1.2 Soil

As discussed above, all unbiased and composite soil samples collected randomly within
j~| the 23 acres area of investigation, were found to have radionuclide concentrations similar to
Ir* those measured for samples representing ambient (background) conditions collected for the

present study, and those collected as background samples for the Phase I investigation. With
•"l regard to the two biased samples (Bl and B2) where contamination is evident, refer to Section
I* 7.1.5 for details.

•A

7.1.3 Sediment

Comparison of sediment samples to background soil samples collected for Phase I and
n shows that all sediment results reported are less than or equal to the corresponding background
concentration with the exception of the gross alpha result reported for sample S4. This sample
was subjected to reanalysis of only the gross alpha parameter by ITC and the result reported to
Dames & Moore, shown in Table 11, was 19.3 ± 8.6. The original S4 gross alpha value was
not confirmed by the reanalysis. This makes the initial analytical result a highly suspect data
point, in that, several of the individual nuclides analyzed are alpha emitters, namely U-234,
235/236, 238, thorium-230 and 232 and radium-226. These nuclides are by far the most
abundant alpha emitters in nature and therefore their sum should represent the majority of the
gross alpha activity present. Because the sum of the individual nuclides is only 7.2 pCi/g, and
the analytical techniques used to measure the individual nuclides is more precise than the gross
alpha measurement, especially for a medium such as soil, the gross alpha measurement must be
considered of secondary importance. Further, naturally occurring nuclides which are decay
products of the marker nuclides may add to the gross alpha concentration, but are considered
to be in equilibrium with their parent nuclide and therefore would not add significantly to the
above calculated alpha contributions of the individual nuclides.

I

I

I

7.1.4 Groundwater

As discussed in Section 6.3, groundwater samples were analyzed as unfiltered and filtered
to provide information on the quantity of filterable, and therefore undissolved particulates,
resident in the samples. All results reported in Tables 10A through 10D for filtered samples
easily meet EPA drinking water standards for gross alpha (15 pCi/1), gross beta (50 pCi/1) and
iadium-226 -I- 228 of 5 pCi/1. Further, all unfiltered samples meet these criteria except for the
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gross alpha values reported for sample MW103-U, 17.2; MW105-U, 16.9; MW106-U, 101; and
MW107-U, 202 pCi/1. The gross alpha values reported for these unfiltered samples are also of
secondary importance since the sum of the individual nuclide concentrations fail to confirm the
gross alpha values (see Section 7.1.3).

Groundwater sample MW102 was also subjected to quality assurance checks having a
sample duplicate analyzed and a sample split analyzed by an independent laboratory. The results
of both tests confirm the results of the original analysis as reported by IT Corporation. Most
values for all tests were reported as below the limit of detection.

7.1.5 Biased Soil Samples

To provide additional characterization of the two limited hot spot areas identified during
the Phase I study, the survey team was directed to resurvey the original areas, reidentify the
location providing the highest gamma radiation level and remove 2-6" soil samples to a total
depth of 12" to provide preliminary characterization of the nuclides present. These data are
reported in Tables 4B and 4C.

For Area 1 (Tables 4B) the major nuclides identified as significantly above background
are Th-230, Ra-226, U-234, and U-238. These results are confirmed in the sample duplicate
analyzed by ITC and in the sample split analyzed by CEP except for Th-230. The discrepancy
in the results is due to the differences in analytical techniques used by the two laboratories.
Selected analytical results reported for original samples in Table 4B were reanalyzed with results
shown in Table n. The reanalysis confirmed the original test results.

For Area 2 (Table 4C), the analytical parameters and major nuclides identified as present
in concentrations more than 3 times background were gross alpha, gross beta, Th-230, U-234,
U-238, and Ra-226.

Again for sample B2A, as for B1A, the duplicate of the original sample analyzed by ITC
confirmed the initial results. The split sample with CEP again did not identify Th-230 in similar
quantities, nor were gross alpha and gross beta results reported by CEP similar to the ITC data.
Both laboratory technique and measurement capability differences are responsible for these
discrepancies. Regardless of the CEP results, any regulatory bodies which would govern clean-
up of the area would consider the highest reported results for regulatory purposes and therefore
the CEP data splits would become meaningless. Further, this round of soil sampling would only
serve to establish the highest potential concentration of nuclides in the area based on surface
gamma radiation results. Further area characterization would be required to determine the
vertical and horizontal extent of the contamination before clean-up activities could proceed. Due
to the elevated levels of uranium-234 and 238 as well as radius-226 in these biased samples it
is likely that this material originated from the West Lake Landfill property and found its way
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v;£ to the present location via surface water erosion.

, -
fcr

7.2 Inorganic and Organic Chemical Investigation

During the course of the Phase n investigation of the Earth City property, several
different classes of both organic and inorganic contaminants were tested for in adjacent surface
soils, groundwater, and drainage ditch bottom sediment. Organic contaminants tested for
included total petroleum hydrocarbons (TPH), semi-volatile organics, pesticides, PCBs,
herbicides, and volatile organics (VOCs). Inorganic contaminants tested for included metals and
cyanide.

7.2.1 TPH

Surface soil composite samples (2) collected from areas adjacent to the West Lake
Landfill had TPH levels below background. Sediment samples (2) collected from the bottom
of a ponded area near the St. Charles Rock Road and from beneath the outlet of a landfill
surface water drain, likewise had TPH levels below background.

7.2.2 Semi-volatiles

Low level concentrations (10-50 ppb) of several semi-volatile organic compounds were
detected in both surface composite soil samples. Their presence is attributed to the sampling
technique, which involved mixing the composite inside a plastic zip-lock bag. Plastic bags of
this type often contain residual low level semi-volatiles. The sediment samples likewise
contained low level semi-volatiles (10-19 ppb) which can be attributed to sampling technique.

Two semi-volatile BNAs, chrysene and bis (2-ethylhexyl)phthalatewere detected in levels
near or below detection limits in one and three monitoring wells, respectively, and do not
represent a significant environmental concern^

7.2.3 Pesticides, PCBs, Herbicides, Cyanide

There were no detectable levels of any of these contaminants in any of the three sampling
media.
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7.2.4 VOCs

Volatile organics were tested for only in the eleven (11) groundwater samples. Two (2)
VOCs, methylene chloride and acetone, were present in low concentrations in virtually all
groundwater samples tested. These samples were analyzed by Southwest Laboratory and both
of these VOC components, which are frequent laboratory contaminants, were detected in
Southwest's QA/QC method blank. Consequently, this provides further evidence that the results
for these contaminants are due to background contamination from the laboratory environment
and as such, are not valid.

7.2.5 Metals

For both the soil sample composites (2) and the sediment samples (2), all metals detected
do not vary significantly from background levels. Groundwater samples were analyzed by two
separate laboratories: Southwest Laboratory and EEI/TCT. Low concentrations of copper, zinc,
antimony, and nickel were detected by Southwest while EEI/TCT detected very low levels of
arsenic, mercury, selenium, and silver. None of the levels detected represent a significant
environmental concern.
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SUMMARY OF GAMMA RADIATION FIELD MEASUREMENTS

FOR FORD.EARTH CITY RADIOLOGICAL SURVEY
EARTH CITY, MISSOURI

NORTHERN GRID

SURVEY
LOCATIONS

(READINGS ARE IN MICROREM/HOUR AT 1 METER, AND 1 CM ABOVE GROUND SURFACE)

(E&W) WO U1 W2 U3 W4 V5 W6 W7 W8 W9 W10 W11 U12 W13 U14 W15 W16 U17 W18 U19 W20 U21 W22 W23 W24 W25 W26 W27 W28 W29 U30 W31 U32 W33 W34 U35 U36 W37 W38 U39 W40 W41 U42

(N&S)
NO 5,6
N1 5,5
N2 7,7
N3 5,6
N4 S/B
N5
N6
N7
N8
N9
N10
N11

6,6
7,6
5.5
5.6
5,5
S/B

7.7
7,7
6,7
7.6
6.6
5.6
6,6
S/B

5,5
5.6
6.7
5,5
5,5
6.5
5,5
5.5
5.5
5,5
5,5
S/B

5.6
6,6
7,7
6,6
7.7
5.6
5,5
5.5
6.5
6,6
6.5
S/B

6.6
7,6
6.6
5.6
6.7
5.5
5,5
5,5
5,5
5,5
5,5
S/B

7.7
6.6
7,7
6,7
7.6
7,6
6.6
5,5
5,6
5,5
4.5
S/B

7.7
7,7
8,8
7.7
6,7
6,7
5,8
5,5
6,7
5,5
5.5
S/B

6,6
8,7
8,8
7,7
7.6
5.4
6,6
6.7
5.5
5.6
5.5
S/B

6,7
7.6
8,8
7.7
5.7
6.5
6.5
6,8
5,5
6,6
5,5
S/B

5.5
7.7
6,6
7,7
6,6
6,7
7,8
8,8
5,6
6,6
7,6
S/B

5,6
7,6
8,7
6,6
7.8
8,7
7,7
7.6
6,7
6,5
7,6
S/B

8,8
6,6
6,7
7,7
7,8
6,6
7,7
6,7
7,7
6,6
6,7
S/B

«* H WM*

6,7
6.7
7,7
6.6
6,7
7.7
6 6
6.6
6,6
5,6
5,6
S/B

rWWMVt »

6,6
6,6
8,8
7,7
7,8
7,7
7 R
6,7
7,7
7.7
5,5
S/B

H KK«>

7,6
6,7
6.7
7.7
7,7
6,6
6 "5
8,7
7,7
8,7
7,6
S/B

H H M H -W

7,7
7.6
7.8
6.7
6,6
8.8
5 S

6,6
6,6
5,6
5,6
S/B

M H MM f

6.7
7.6
7,6
7.7
6,5
6,7
6 5
7,6
7,7
6,7
6,7
S/B

I • WKK*

8,8
6,6
7,8
8,8
7,7
6.6
5 f>
7.7
6,7
6,7
6,6
S/B

CKWWW1

7,7
6,5
6,7
6.7
6,5
7.7
a 8
5,7
7,8
7,6
6,6
S/B

rinririr i

6,7
6,6
8,8
6,8

1,1
V,7
7 7
5,6
5,5
5,6
6,6
S7B

rwwwwp

6,6
7.7
6.6
6,7
7,8
6,6
7 7
7,7
8,6
5,6
6,6
S/B

rwwwjrp

7,7
8,8
8,8
7,7
7.7
7,7
7 8
7,8
6,6
7,7
6,7
S/B

inrwwp

5,5
7,7
5,5
7.8
5,5
7,7
6,7
7.7
6,7
5,6
5,5
S/B

mm*

6,7
7,8
7,7
7.8
7,8
6,7
7,7
7,7
6,5
5.5
6,6
S/B

TTTTlCir*

7,7
7.6
6,6
7,6
7.8
5,5
7,7
6,7
8.7
6,6
6,7
S/B

nririrwi

6,7
5,7
6.7
6,7
7,7
7,6
7,6
6,6
7,7
7,7
6,6
S/B

rwvirin

6,7
6,7
8,7
7,7
8,7
8,8
6,6
7,6
7,6
6,6
7,7
S/B

r»wwmi

6,7
7.8
7.7
5,6
7,6
7,7
7,6
7,6
7.7
7,6
5,6
S/B

nrwitic*

7.7
7.6
6,6
7,8
6.7
7.7
6,5
7,7
7.7
6.5
6,7
S/B

*ririr*i

6,7
7.6
7.7
6,7
5,5
6,6
6,6
7,7
7,6
6,6
6,7
S/B

wirwn

6,6
7,7
7,6
6,5
8,7
6,6
7,6
7,7
5,5
6,7
5.5
S/B

Win

6
6
5
6
7
6
7
6
6
6
6
S

HBX

| •

J.7
;«
,'6
is
^6
16
,7
,6
',5
,6
,6
/B

wwwfc*

6,7
5,7
6,5
6,7
7,7
6,5
5,5
7,7
7,7
6.6
6,7
S/B

irwvirii

5.5
7,7
8,7
6,7
7.6
7.6
6.6
5,5
5,6
7.6
6,6
S/B

WJT1CWP

6,6
6,7
6,6
5.6
7.7
6.6
7,7
8,7
6,5
7,7
5,5
S/B

WWWP

6,7
6.5
6.6
7,6
6,5
5,5
7,6
7.7
6,6
6,6
6,6
S/B

H W WK V

6,7
8.8
6.7
5.6
6,6
6.5
7,7
7,6
6,6
7,6
6,6
S/B

rwwww

6,6
7.6
8.8
6,6
6,7
7.8
7,7
7.7
6,5
7,6
6,6
S/B

1C WICK*

6.5
7.6
6.7
7.7
6,5
7.6
6,7
7,7
6,6
7,7
5,5
S/B

1 H KKHM

5,7
7.6
5.5
5.6
5.5
6,6
7,7
6,5
6,6
5,6
5,5
S/B

x K K mn

6,7
6.7
6.7
6.5
5,5
5.5
6.7
5.5
6,5
5.5
7.6
S/B

ncwwww

7,6
5,5
7,6
7.7
7,7
5.6
6,5
5,5
5,6
5.5
5,5
S/B

* S/B = Survey Boundary
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I, P.O. BOX L>ata I * Sutil.u He. Now Mu/.u n 11 /". it i..' OUT OF STATE BOO/ti«4t>-ci1 UU • PAX- QUO i>€j.i _,._,-,

Page 2 CEP, Inc. REPORT Work Order tt
Received: 04/16/90 Results by Sample

SAMPLE ID B1A FRACTION 01A 1EST CODE AB S NAME
Date & Tune Collected 04/12/90 Category SOIL

Type of Analysis Detection RESULT
Li mi t pCi/g

Gross Alpha O 3 *H. A+/-1. Q

Gross Beta O. 1 51. 2+/-O. 6

All results reported in:

UNITS tCi/flram

iAMPLE 10 B1A FRACTION 01A TEST CODE CS1375 NAME Cesium-137
Date & Time Collected 04/12/90 Category SOIL

Type of Analysis Detection Limit RESULT

Cesium-137 O. 1 O. 14+/-0. O6

All results reported in:

UNITS pCi/gram

'/—*•;



I. P.O. LHJX tJLJL>'l

Page 3
Received: 04/16/90

3AHPLE ID B1A

CEP, Inc. REPORT
Results by Sample

Work Order tt 90-04-263

FRACTION 01A TEST CODE ISOUJ NAME Isotopic Uraniuffi
Date ?< lime Collected 04/12/96 Category SOIL.

Type of Analysis

Uranium-234
Uranium-235
Uranium-238

SAMPLE ID B1A

Detec fcian
Limit pCi

O. O'J
O. 05
O. 05

All results report in:

UNITS

RESULT

4 2-I-/-O. 5
O.
1. 6+/-0. 3

FRACTION 01_A TEST CODE K 40 5 NAME PotassiUffi-40
Date & Tune Col lected 04/12/90 Category SOIL

Type of Analysis RESULT

Potassi un>-4O 11

All results reported in:

UNITS fi£i/fli%.!?f»
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Page 4
Received: 04/16/90

SAMPLE ID B1A

CEP, Inc. REPORT
Results by Sample

Work Order If 90-04-263

FRACTION 01A TEST CODE R2628S NAME Radiuffr226/22B
Date & Time Collected 04/12/90 Category SOIL

Type of Analysis

Radium-226

Radium-228

SAMPLE JD B1A

Detect i on
Limit pCi/g

O. i

O 1

All results report in:

RESULT

41. -0. 4

<0. 1

UNITS _pC i /gram

FRACTION 01A TEST CODE JH2305 NAME Thoriufli-230
Date & Time Collected 04/12/90 Category SOIL

Type of Analysis

Thorium-230

Detection Limit
pC i/gram

O. O3

RESULT

<0. 2

All results reported in:

UNITS pCi/oram
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Page 5 CEP, Inc. REPORT Work Order It 90-04-263
Received: 04/16/90 Results by Sample

SAMPLE ID B1A FRACTION 01A TEST CODE TH2325 NAME Thorium-232
Date & Time Collected 04/12/90 Category SOIL

Type of Analysis Detection Limit RESULT
pCi/gram

Thorium-232 O. Ob O. 96>/-O. 18

All results reported in:

UNITS pCi/qram

SAMPLE ID B2A FRACTION 02A TEST CODE ABJL. NAME Gross Alpha/Beta
Date & Time Collected 04/12/90 Category S

Type of Analysis Detection RESULT
Limit pCi/g

Gross Alpha O 3 199. 1 + /-2. 4

Gross fleta O. 1 34. 5+/-O.J)

All results reported in:

UNITS nCi/qvam



»_, u» i»
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Page 6 CEP, Inc. REPORT Work Order ft 90-04-263
Received: 04/16/90 Results by Sample

SAMPLE ID m FRACTION 02A TEST CODE CS[3/5 NAME taiyiH3Z
Date & Time Collected 04/12/90" Category SOIL

Type of Analysis Detection Limit RESULT
pC i/gram

Cesium-137 O. J <IO. 1

All results reported in:

UN ITS BC.iX.ar a m

SAMPLE JD B2A FRACTION Q2A TEST CODE ISOU_G NAME Isotopic Uranium
Date & Time Collected 04/12/90 Category SOIL

Type of Analysis Detection RESULT
L i if« i t (> C i / g

Uranium-234 O O5 14. 4 tV-O, S
Uranium-235 O OS O 2l/-jj;J
Uranium-238 O OS .2._4_t.X-O. 3

All results report in:

UNITS pCi/qram
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Page 7
Received: 04/16/90

SAMPLE ID B2A

CEP, Inc. REPORT
Results by Sample

Work Order tt 90-04-2*3

FRACTION Q2A_ TEST CODE KJOJ NAME Potassisw
Date l( Time Collected 04/12/90 Category SOIL.

Type of Analysis RESULT

Potassium-qo 9. Ljr/-3.

All results reported in.

UNITS pCi/qram

SAMPLE ID B2A FRACTION Q2A TEST CODE R262BS NAME Radiunr-226/228
Date & Time Collected 04/12/90 Category SOIL

Type of Analysis He tec t i on
Limit pCi/g

NEBULT

Radium-226

Radium-228

O. A

0. 1

All results report in:

UN ITS pCi/grain

132+/-B

15O+/-38

• ^̂ •̂...Illll
r T— r r

! IN* in i:itiuti:r.lniit wilhmu ii;iiiu! wilhiMtl -.inn i.il (M:i nit*.- iiui m • (it >i *|
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Page 8 CEP, Inc. REPORT Work Order ft 90-04-263
Received: 04/16/90 Results by Sample

SAMPLE II) B2A FRACTION 02A TEST CODE TH2305 NAME Thorium-230
Date & Time Collected Q4/12/9Q Category SOIL

RAMP

Type of Analysis Detection Limit RESULT
pCi/grain

Thorium-230 O. 05 <O. 3

All results reported in:

UNITS ££!./aram

LE ID B2A FRACTION 02A TEST CODE TH2325 NAME Thorium-232
Date fe Time Collected 04/12/90 Category SOIL

Type of Analysis Detection Limit RESULT
pCi/gram

Thorium-232 O. OS 1. 3+/-0. 5

All results reported in:

UNITS pCt/qram



Page I
Stceived: 04/13/90

REPORT DATES tt HOQRE

ITRS. Oat Ridge REPORT
05/15/90 15:33:05

Work Order I SO-04-048

TO 11701 BOEHAN DRIVE
SUITE 340
ST. LOUIS. HO 63144

ATTEH DAVID PURINCTON

CLIEMT DAUB 5T
CDrFANY DAHE5 it MOORE

PREPARED IT/RADIOLCCICAL SCIENCES LAB.
BY 1550 BEAR CSEEK ROAD

OAK RID8E, TN 37831 /

ATTEN ERS
PHPE 615-482-?707

SAffL£3 19

IED BY

CCNTACT JIM DILLARD

FACILITY ST. LDUIS. HO

am ID SOIL SWLES
TAKEN
TRANS
TYPE

P. 0. I
INVOICE unjer seaarate

1

1

1

1

I

I

I

SAMPLE IDENTIFICATION
0 SI

=3

Cl
C2__
UD-1

UB-3
U3-4
UB-5
UB-6
Bl-A
31-9
BI-:
SS-A
B2-3
B2-C
SKS

TEST CGCE3 and NAMES used on this report
CALPHA CROSS ALPHA
SBETA CROSS 3ETA
CS SPEC
RA226 RA-H&
RA??g 3A-229
TH2S3 TH-5Z5
TH2SO TV-2:0
TH2j2 TH-?j2
U524 U-534
U235 U-235/Z
U2̂



p

1
I

I
1
I

?3« i ITSSL Cak Since SErCST WoM Cr«r < SO-:4-C48
::?ceived: 04/13/90 Sesulti b:j -unie

SAW! ID 31 FACTION 01A TEST CDCE 55 W£. Sa^A g£C
Date i Tise Osilscted 0*/'.2/-0 .ateacru

UNITS ;Ci/a VESIFIED 3Y ESS
URTN OS/IS/90

3A!tfA 3PEC RESULT 2-3ISKA 3TVE 3?ESU.T I-S!fi«A

1.77E*1 0.2CE+1 CRC3S ALPHA 2.21E-4 1. lffi+1
CS-137 <2. CE-1 WCS3 SETA 2. iTE^l 1.1CE-1
SA-225 1.18E^3 0.!iE-H3 '>224 I.OIE^ 0.255^0
RA-^a 1.24E-3 0.2JE-0 U-2S5/24 ^.GE-i

U-233 3. S4E-i 2.2CE-!

fn-^S 1. OS*: J. 27E^3

?!AHE

L-NI7S sCi/e '^HIFIED 3Y EHS
UST7J 05/15/90

SAWA SPEC SE=!JLT 2-3iS!tt OTiS RE3JLT 2-SI3.1A

x-w 3.12E-H) o. ?:E-KI wcss ALBHA i. 745*1 o. TTE^I
SA-22o 1. lEE-n) 0.12E-H) WCS3 2ETA S. =7E*1 0.91E*i
RA-223 1.29E-H) 0. it&Q U-224 9. SIE-1 2.69E-1
C2-127 6.9S-2 124E-2 '̂ 2:5/2:6 <a.CS-l

U-S23 L07E-H3 0.29E-"}
LXJZ-H} 0.4CEH)
1.17E-0 0.25E-H3



Received: 04/13/90
ITSSL Oak Ridge REPORT

Results by Sup It
Work Order i 50-04-048

S/WLE ID S3 FRACTION 02A TEST CODE OS NAtt CAWA SPEC
Date I Tiae Collicted 0 4 / 1 3 / 9 0 " " C a t e g o r g

j

1

UNITS oCi/a
URTN 05/15/90

CAW1A SPEC RESULT 2-SIWA OTKEH

VERIFIED BY RDJ

RESULT 2-SIGtlA

K-40
CS-137
RA-226
RA-22S

1.02E+1
<2.0E-1
7.B2E-1
3.B6E-1

0. 14E+1

O.B4E-1
1.02E-1

MOSS ALPHA
MOSS BETA
U-234
U-225/236
U-223
TH-230
TH-232

2.3ZE+1
1.79E+1
7. 4SE-1
C6.0E-1
7. B2E-1
2.55E+0
7.05E-1

0. 91E+1
0.76E+1
1.91E-1

1.96E-1
0.44E-H)
1. 81E-1

SATPLE ID S4 RACTIDN 2£A TEST CODE 52 MS. CAfflA SPEC
Date Ii Tias Csllectsa 047IZ/^ ~

1
1
1
1
i
1
i

UNITS
WRTN 03/15/90

CAWASPEC RESULT 2-SICKA OTriEH

VERIFIED BY ERS

RESULT 2-SIGJ1A

R-40
CS-137
RA-226
RA-228

1.09E+1
<0.2
1.18E-K)
1.26E-H)

0. IS+l

0.11E+0
O.li£+0

CROSS ALPHA
MOSS BETA
U-234
U-233/236
U-238
TH-230
TH-232

2.19E+2
2.73E+1
l.OAE-0
tt.OE-1
6.38E-1
2.38E+0
1.08E+0

0.50E+2
0.94E+1
0.28E+0

2.10E-1
0.49E-H)
0.29E-KJ



Page 3 ITRSL Dai Ridge REPORT Work Order I SO-04-048
Received: 04/13/90 Results bq Saaple

SAMPLE 10 Cl

^III
1I
I
I
I

Date * Tiae Collected 04/12/W Catioora

UNITS oCi/o
WTN 05/15/90

GAttlA SPEC RESULT

R-40 1. 01E+1
CS-137 <2. OE-1
RA-226 1. 06E-K)
RA-223 1. 2Z£*0

SAffLE ID C2

WITS cCi/g
URTN 05/15/90

GfflHA SPEC RESULT

K-40 1. B2E+1
CS-137 O.OE-1
RA-226 1. 15E-H)
RA-22S 1.29E-KJ

2-sic.iA one

0. 14E+1 CROSS ALPHA
CfiOSS BETA

0. 11E*0 U-234

U-238
TH-220
TH-232

VERIFIED BY RDJ

RESULT 2-3ICMA

L50E+1 0.71E+1
2.55E+1 1.01E+1
9.51E-1 2.8CE-1

9.51E-1 2.BOE-1
2. 22E-TO 0. 45E+0
1.32E+0 0.32E-K)

FRACTIIW OtA TEST CQEE GS NAME CAtWA SPEC
Eate i Tiae Csllect

2-SIR1A OTKE3

0.2^+1 CROSS ALPHA
CROSS BETA

0. 12E*0 U-234
0. 1E+0 U-235/23&

U-238
TH-220
TH-222

to 04/12."?0 Citeaoru

VERIFIED BY RDJ

RESULT 2-SI6.1A

1.84E-H O.B2E-H
2.1E+1 0.98E+1
1.02E-4 0.24E-H)
C6.0E-1
7.65E-1 2.01E-1
L 37E-HS 0. 43E-K)
1. 22E-K) 0. 27E40
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Page 4 ITRSL Oak Ridge REPORT Wort Order 1 50-04-048
Received: 04/13/90 Results by Saiple

SAffLE ID UB-1 FRACTION 07A TEST CODE OS MAKE CAMMA SPEC

UNITS oCi/Q
NRTN 05/15/90

CAtflA SPEC RESULT

K-40 9. 91E+0
CS-137 2. 97E-1
RA-Z26 1. 02E+0
RA-223 1. 11E-K)

EAtfLE ID UD-2

UNITS flCi/o
URTN 05/15/90

CAWA SPEC RESULT

K-40 1. 17E+1
CS-137 3.05E-1
RA-226 1. 15E+0
RA-228 1.22E+0

Date I Tiae Collected 04/12/90 Caworu

VERIFIED BY RDJ

f

2-SISflA OTHER RESULT 2-SICMA

1.36E+0 CROSS ALPHA 2.36E+1 0.99E-^1
0.55E-1 CROSS SETA 2.35E+1 O.B5E+1
0.10E-K) U-224 1.27E-KJ 0.25E-K)
0.14E+0 U-235/236 <i.OE-l

U-228 1. 04E-K) 0. 22E-K?
TK-Z-0 2. 53E+0 0. 50E-H3
TH-222 9.B5E-1 2.68E-1

•

FRACTION OSA TEST CODE GS NAHE CA^«A SPEC
Date & T:oe Collected 04/12/70 cateaoru

VERIFIED BY RDJ

2-SICftt OTIS RESULT 2-SICHA

0. li£+l CROSS ALPHA 2.60E+1 I.OIE- Î
0.59E-1 CROSS BETA 100E+1 1.11E+1
0.11E+0 U-234 1.22E-K) 0.25E-K)
0.15E+0 U-235/236 <6.0E-1

U-238 L22E+0 0.25E-K)
TK-220 1. 82E+0 0. 43E+0
TH-222 1.16E+0 0.33E-K)



Page 5
Received: 04/13/90

ITRSL Oak Ridge REPORT
Risults by Sup It

Work Order t 50-04-048

SAMPLE ID UB-3 FRACTION 09A TEST CODE CS MAKE CAHHA SPEC
Date I Tiai Collictid W/127TO Cateoorn

WITS pCi/o
HRTN 05/15/90

CAffiA SPEC RESULT 2-SIWA DTKEH

K-40 1.46E+1 0.19E+1 CROSS ALPHA
CS-137 2.43E-1 0.5SE-1 CROSS BETA
RA-226 1. 16E-K) 0.11E-X) U-234
RA-223 1.22E+0 O.ltE-H) U-235/226

U-238
TH-220

VERIFIED BY RDJ

RESULT 2-SIGflA

2.5EE+1 1.01E+1
3.11E+1 1.09E+1
9. 10E-1 1. 9BE-1
<i. OE-1
9. 24E-1 2. OOE-1
2. 22E-K) 0. 46E-K)

TH-232 1. IBE-K) 0.30E+0

SAHPLE ID U3-4 FACTION 1CA TEST COSE GS HAKE WWtt SPEC
Dati & Tioe Collected 0</!Z/-rO Cateaoru

UNITS pCi/n
WTN 05/15/90

OWW SPEC RESULT 2-SICflA OTKO

K-40 1.77E+1 0.29E+1 MOSS ALPHA
CS-137 <2. OE-1 CROSS BETA
RA-226 1.07E+0 0.12E-K) U-234
RA-228 1.35E-K) 0.20E-K) U-235/236

U-238
TH-230
TH-232

VERIFIED BY RDJ

RESULT 2-SICMA

2. 00£*i 0. B5E+1
2.90E+1 0.99E+1
9.52E-1 2.11E-1
<6.0E-1
7.3SE-1 1.82E-1
2.11E-K) 0.42E-K}
1. 07EM3 0. 27E-KJ
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Pag* 6
Received: 04/13/90

SAMPLE IDUB-5

ITREL Oak Ridge REPORT
Results bg Sacpli

Wort Order I 50-04-048

FRACTION UA TEST CODE CS NAME 6AH1A SPEC
Date 1 Tiae Collectea Q4/12/96 uteooru

UNITS oCi/a
WRTN 05/15/90

GAfflA SPEC RESULT

RSO 1. 86E+1
CS-137 <2. OE-1
RA-226 1. 14E-K)
RA-228 1. 55E+0

SAMPLE 1C U3-6

UNITS pCi/c
WTN 05/15/90

CAHRA SPEC RESULT

K-40 1.97E+1
CS-137 2. 13E-1
RA-266 1.23E+0
RA-22S 1. 52E-K3

2-siHA (me

0.30E+1 CROSS ALPHA
CROSS BETA

0. 12E+0 U-234
0. 22E+0 U-235/236

U-238
TH-230
TH-222

VERIFIED BY ROJ

f

RESULT 2-SIfiKA

1. BSE-*-! 0. 83E+1
2. 56E+1 0. 97E+1
1.27E+0 0.26E-K)
<6. OE-1
9. 71E-1 2. 17E-1
3. 06E-K; 0. 65E-K)
1. 64E+0 0. 42E+0

FRACTION 12A TEST CODE GS NATE GAHHA SPEC
Dots & Tiae Collect

2-SIWA OT>e

0.22E+1 CROSS ALPHA
0.54E-1 GROSS BETA
0. 14E-K) U-234
0.21E-K) U-235/236

0-238
TH-230
TH-232

ed 04/12^0 w;eaoru

VERIFIED BY RDJ

REEUT 2-SIGttA

2.75E+1 0.99E+1
2.51E+1 O.BOE+1
1.19E+0 0.27E-K)
<6. OE-1
1. 16E-0 0.26E-K}
2. 52E-K) 0. 52E-K)
1.23E+0 0.32E-H)



I
I rage?

Received: 04/13/90
ITRSL Dak Ridge REPORT

Results bij Staple
Work Order i SO-04-04B

T SAMPLE ID Bl-A FRACTION 13A TEST CODE CS NAJC CAHNA SPEC
j Date I Ti«e Collected 04/12/70 Uteaoru

]J

1
1

?

'

i
i
•

UNITS pCi/B
URTN 05/15/90

GAMMA SPEC RESULT

R-40 1.24E+1
CS-137 <2. OE-1
RA-226 3. 95E+1
RA-228 9. 59E-1

SA»LE ID 11-3

WITS DCi/q
WTN 05/15/90

CAW1A SPEC RESULT

K-4Q 6.78E+0
CS-137 <2.C€-1
RA-226 i 9fce+l
RA-228 9. 55E-1

2-SICilA GTCR

0.2241 CROSS ALPHA
CROSS BETA

0.32E+1 U-234
3.40E-1 U-235/236

U-238
TH-2CO
TH-222

VERIFIED BY RDJ

t

RESULT 2-5IGMA

1.65E+3 0.34E+3
113E+2 0.66E+2
7.91E+0 1.03E+0
<b. OE-1
6. 90E+0 0. 92E+0
1. SEE-^2 0. 37E-̂ 3
5. O?£TO 1. 59E-M)

FRACTItS^ liA TEST CODE SS NAME CAKMA SPEC
Cat? & TiaT Collie:

2-5ICKA OT>EH

1.45E+0 MOSS ALPHA
GROSS BETA

0.45E+1 U-234
2. 97E-1 U-235/236

U-238
TH-220
TH-232

ed OA/li/70 Caieooru

VERIFIED BY RDJ

RESULT 2-SI6MA

1. 98E+3 0. 4CE+3
3.04E+2 0.64E-2
6. 33E+0 1. 04E+0
<h. OE-1
6. 33E-H) 1. 06E+0
1.39E+3 0.27E+3
4. 11E+0 1. 12E-K)



I
I
I
I
I

I

rage 8
Received: 04/13/90

SWLE ID Bl-C

ITHSL Oak Ridge REPORT
Results by Sanple

•Jork Order t SO-04-048

NAtEGAHHASPEC
Date fc Tiae Colltcted w/lli^ Cateooru

UNITS pCi/a
«RTN 05/15/50

CAttlA SPEC RESULT 2-SIGHA OTHER

K-40 1.16E+1 0.20E+1 GROSS ALPHA
CS-137 3.21E-1 0.90E-1 CROSS BETA
RA-226 2.40E+1 0.37E*1 U-234
RA-229 1.29E-K3 0.26E+0 U-225/236

U-223
TH-230
TH-232

•AWLE ID B2-A FHACTICN !4A TEs

VERIFIED BY RDJ

RESULT 2-SIGMA

1. 81E+3 0. 37E-t-3
2.74E+2 0.5BE+2
7. 44E-H) 1. 04E+0
<6. OE-1
7. OC-E-K) 0. 99E+0
1.43E+3 0.36E+3
6. 69E+C 2. 15E-K)

T CCEE GS HAKE GArtlA SPEC
Date & Tiae CJilectea C-i/le/'-O ticjjoru

UNITS oCi/i
WRTN 05/15/90

CAMHA SPEC RESULT 2-SIGJ1A OTffil

K-40 9.40E-K) 1.S3E-H] GROSS ALPHA
CS-137 <2. QE+1 GROSS BETA
RA-226 1.51E+1 0.19E+1 U-234
RA-228 1.2 -̂H} 0.3&0 U-235/236

U-228
TH-220
TH-222

VEHIrlED BY RDJ

RESULT 2-SICMA

7.81E+3 1.57E+3
9.A9E+2 1.97E+2
1.80E+1 0.24E+1
i 13E+0 0. 44E-KJ
1. 14E+1 0. 16E-H
3.72E+3 0.7EE+3
4.33E+0 1.31E-K)
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rage 8
Received: 04/13/90

SAfiPLE ID Bl-C

ITRSL Dak Ridge REPORT
Results by Saaple

Uork Order t 50-04-048

UNITS oCi/g
URTN 05/15/90

FRACTION ISA TEST COLE CS NAME CAHHA SPEC
Date & Tiae Collected 0 4 / 1 Z / T O C a t e g o r y

VERIFIED BY RDJ

CAtHA SPEC RESULT 2-SIK1A OTHER RESULT 2-SIK1A

R-40
CS-137
RA-226
RA-229

1. 14E+1
3.21E-1
140E+1
1. 25E-H3

0.20E+1
0.90E-1
0.37E+1
0.2iE-K)

CROSS ALPHA
GROSS BETA
U-234
U-235/236
U-228
TH-230
TH-232

1. 81E+3
2.74E+2
7.44E-H)
<6. OE-i
7.0CE-K)
1. 43E^2
6. 69E+C

0.37E+3
0. 5EE+2
1.04E-K)

0.99E-K)
0. 3tE-̂ 3
2.15E-HD

S/WLE-12 FRACTION !6A TEST CCDE GS NM£
Date t TiiTCallec:ed 04/iS?

»

WITS
URTN 05/15/90

VERIFIED BY RDJ

EPEC

K-40
CS-137
RA-22i
RA-22S

RESULT

9.40E+0
<2.0E+1
1. 51E+1
1.25E-K)

2-SI6.1A

1.B2E-HD

0. 19E+1
0.36E40

OTrSR

CROSS ALPHA
CROSS BETA
V-234
U-235/23&
U-223
TH-230
TH-222

RESULT

7.B1E+3
9.69Ei2
1.80E+1
2.13E+0
1. 14E+1
3.72E+3
4. 52E+0

2-SICflA

1.57E+3
1.97E+2
0.24E^1
0.44E-K)
0. 16E-M
0.7EE+3
1.31E-KJ



1

1

Page 9 ITRSL Oak Ridge REPORT
Received: 04/13/90 Results by Suple

BAffLE ID B2-3 FRACTION 17A TEST CODE CS

Uork Order I SO-04-048

MAJff CAMHASPK
Date 1 Tiae Collected 04/12/90 ~ Cauooru

1
•

1

I

1

1

1

1

UNITS tCi/d VERIFIED BY RDJ
WIN 05/15/90

GAJ1MA SPEC RESULT 2-SIGJ1A OTHER RESULT

K-40 9.16E+0 1.72W CROSS ALPHA 5.56E+3
CS-137 <2.0E-1 CROSS BETA 7.76E+2
RA-226 5.92E+1 0.47E+1 U-S34 1.13E+1
RA-223 1.1BE+0 0.31E-K) U-235/236 C6.0E-1

U-238 6. 53E-K}
TH-220 2. 82E+3
TH-232 1. 31Ê !

SAHPLE ID 32-C FRACTJCN ISA TEST CDDE 53

r

2-SIGMA

1. 12E+3
1. 59E-*
0. ISE+l

0.92E-K)
0. SEE-t-3
0. 3CE-H

•

NA«£ CAW1.A SPEC
Date V Tiae i01]fc:ei! 04/12/^0 tatecoru

I
•

1

I
•

1

1

1

1

1

WITS pCi/q VERIFIED BY RDJ
WTN 05/15/90

CAW1A SPEC RESULT 2-SIWA OTHER RESULT

K-40 9.S3E-K) 1.61E-H3 CROSS ALPHA 1.08E+3
CS-137 <2.0E-1 CROSS BETA 1.49E+2
RA-226 9.B8E-K) 1.59E-KJ U-234 1.9BE-K)
RA-22B 9.90E-1 1.72E-1 U-235/236 6.61E-1

U-238 2. 14E+0
TH-230 5.74E*2
TH-232 1. 16E+0

2-SI8MA

0.22E*3
0.3S+2
0.32E-H)
1.62E-1
0.35E^O
1. 12E+2
0. 49E-K)



••*

J

I

I

I

I

I

I

I

I

I

I

J

J

Page 10 ITRSL Oak Ridge REPORT Work Order I SO-04-048
Received: 04/13/90 Results by Saaple

' SAIffLE ID m FRACTION 19A TEST CODE SS NAME CArBA SPEC
—• Date t Tine Collected 04/12/90" Category

UNITS oCi/o VERIFIED BY RDJ
HRTN 05/15/90

CAHMA SPEC RESULT 2-3I&1A OTffi? RESULT 2-SIK1A

R-40 1.B1E+1 0.29E+1 CROSS ALPHA 3.30E+1 1.14E+1
CS-137 <2. OE-1 CROSS SETA i 79E+1 0.9fcE+l
RA-226 1.09E-K) 0.12E-K) U-234 1.13E-K) 0.31E-K)
RA-22B 1.32 )̂ 0.1EE*0 U-225/226 C5.CE-1

U-238 1.11E+0 0.31E-K)
W-220 3. 5S-HJ 0.61E-K)
TH-232 1.54E-H5 0.33E-H)



SOUTHWEST LABORATORY
OF OKLAHOMA, INC.

May 7, 1990

David Purington
DAMES & MOORE
11701 Borman Drive, Suite 340
St. Louis, Missouri 63146

Project: 19943 - 002; Ford Earth City

Dear Mr. Purington:

Enclosed are the analytical results for your samples received
in our laboratory on April 17, 1990, for the above captioned
project.

All the samples were originally extracted on April 17, 1990.
The acid surrogates were outside QC limits for sample MW105,
MW106 and MW107. These samples were re-extracted on April 26,
1990 and re-analyzed on May 1, 1990. The acid surrogates also
did not meet the recovery criteria for sample MW105 and MW106.
This indicated a matrix effect. We have reported the data from
the reanalyses for these three sampls.

Per your request we have preformed a matrix spike and duplicate
for the following samples;

MW101 (cyanide), MW105 (metals)

Additional Matrix Spike/Matrix Spike Duplicates will follow
with the completion of the remaining portion of this project.

If, in your review, you should have any questions or require
additional information, please call.

Sincerely,

Randy Staggs
Project Manager

RS/j 1

Enclosures

DAMES &

M A Y 0 8 1 3 S O

ST.

1700 WEST ALBANY. SUITE C • BROKEN ARROW. OK 74012
(913)251-2858 • FAX (918) 251-2599



tJ\J »-» J.J.J. T f

1700 W. Albany "C" . /I/row, Oklahoma 74012 . 918-251-2858

CENT: DAMES & MOORE
11701 BORMAN DRIVE, SUITE 340
ST. LOUIS, MO 63146
ATTN: DAVID PURINGTON

REPORT: 2388.01M

DATE: 05-07-90

SAMPLE MATRIX: WATER
SWLO # 2388.01
DATE SUBMITTED: 04-17-90

1 PROJECT: 19943 - 0
SAMPLE ID: MW101

J(RAMETER

"•TAL CYANIDE

DTAL METALS

JSEN 1C
-AD

JRCURY
LENIL'M
ALLIUM

•NTIMONY

fRYLLIUM
DMIUM

•"".HROMIUM

JPPER
CKEL
LVER

IINC

J
1

1

02; FORI

DET.
LIMIT

0 . 02

10.0
3 . 0
0.2
5.0
10.0
30 . 0
5.0
5.0
5.0
10.0
10.0
10.0
10.0

3 EARTH

UNIT

mg/L

ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L

CITY

RESULTS

ND

ND
ND
ND
ND
ND
ND
ND
ND
ND
152
ND
ND
102

DATE
ANALYZED

04-27-90

05-02-90
05-01-90
04-25-90
05-02-90
05-01-90
04-25-90
04-25-90
04-25-90
04-25-90
04-25-90
04-25-90
04-25-90
04-25-90

t

METHOD
REFERENCE

SM 412D

EPA 206.2
EPA 239.2
EPA 245.1
EPA 270.2
EPA 279.2
EPA 200.7
EPA 200.7
EPA 200.7
EPA 200.7
EPA 200.7
EPA 200.7
EPA 200.7
EPA 200.7

i

1
I
i

PA =
D =

#EPA600/4-79-020, MARCH 1985
NOT DETECTED ABOVE QUANTITATION LIMIT
STANDARD METHOD, 16TH EDITION



^AUUJKAJLVJIVI. \JV v^rvjuru-Av îYirx, JLH-
7700 W. Albany . Suite "C" . Broken Arrow, Oklahoma 74012 . 918-251-2858

1
IENT: DAMES & MOORE • REPORT: 23B8.01H

11701 BORMAN DRIVE, SUITE 340
ST. LOUIS, MO 63146 DATE: 05-07-90
ATTN: DAVID PURINGTDN

SAMPLE MATRIX: WATER
SWLO tt 2388.01
DATE SUBMITTED: 04-17-90
DATE EXTRACTED: 04-27-90
DATE ANALYZED: 05-02-90
METHOD REFERENCE: SW846-B150, EPA METHODOLOGY
PROJECT: 19943 - 002; FORD EARTH CITY
SAMPLE ID: MW101

RESULTS REPORTED IN ug/L OR Parts Per Billion

DET.
HERBICIDES LIMIT RESULTS

2,4-D 1.0 ND
2,4,5-TP (SILVEX) 0.2 ND

QA/QC SURROGATE RECOVERY

2,4,5-T (10-98) 85'/.

NOT DETECTED ABOVE QUANTITATION LIMIT
ESTIMATED VALUE: CONCENTRATION BELOW LIMIT OF QUANTITATION
ANALYTE DETECTED IN BLANK AS WELL AS SAMPLE
SURROGATE RECOVERY OUTSIDE OF OC LIMITS



I
SOUTHWEST

1700 W. Albany . Suite "C" . Broken Arrow, Oklahoma 74012 . 918-251-2858

[NT: DAMES & MOORE REPORT: 2388.01P
11701 BORMAN DRIVE, SUITE 340
ST. LOUIS, MO 63146 DATE: 05-07-90
ATTN: DAVID PURINGTON

SAMPLE MATRIX: WATER
SULO tt 2388.01
DATE SUBMITTED: 04-17-90
DATE EXTRACTED: 04-17-90
DATE ANALYZED : 05-01-90
METHOD REFERENCE: SW846-S080, EPA METHODOLOGY
SAMPLE ID: MW101

RESULTS REPORTED IN ug/L OR Parts Per Billion (PPB)

PESTICIDES/PCS'S DETECTION LIMIT RESULTS

ALPHA-BHC 0.05 ND
BETA-BHC 0.05 ND
DELTA-BHC 0.05 ND
GAMMA-BHC(LINDANE) 0.05 ND
HEPTACHLOR 0.05 ND
ALDRIN 0.05 ND
HEPTACHLOR EPOXIDE 0.05 ' ND
ENDOSULFAN I 0.05 ND
DIELDFcIN O.i ND
4,4-DDE 0.1 ND
ENDRIN 0.1 ND
ENDOSULFAN II 0.1 ND
4,4-DDD 0.1 ND
ENDOSULFAN SULFATE 0.1 ND
4,4-DDT 0.1 ND
METHOXYCHLOR 0.5 ND
ENDRIN KETONE 0.1 ND
ALPHA-CHLORDANE 0.5 ND
GAMMA-CHLORDANE 0.5 ND
TOXAPHENE 1.0 ND
AROCHLOR-1016 0.5 ND
AROCHLOR-1221 0.5 ND
AROCHLOR-1232 0.5 ND
AROCHLOR-1242 0.5 ND
AROCHLOR-1248 0.5 ND
AROCHLOR-1254 1.0 ND
AROCHLOR-1260 1.0 ND

OA/QC SURROGATE RECOVERIES

DIBUTYLCHLORENDATE (24-154) 94T;

ND = NOT DETECTED ABOVE QUANTITATION LIMIT
0 = ESTIMATED VALUE: CONCENTRATION BELOW LIMIT OF QUANTITATION
B = ANALYTE DETECTED IN BLANK AS WELL AS SAMPLE
* = SURROGATE RECOVERY OUTSIDE OF G1C LIMITS



J.J. 1 \̂ «
1700 W. Albany . Suite "C" • Broken Arrow, Oklahoma 74012 . 918-251-2858

]

5
J
1
1
1

DAMES & nOORE
11701 BORMAN DRIVE, SUITE 340
ST. LOUIS, MO 63146
ATTN: DAVID PURINGTON

SAMPLE MATRIX: WATER
SULO » 2388.01
DATE SUBMITTED: 04-17-90
DATE ANALYZED : 04-18-90
METHOD REFERENCE: SW846-8240, EPA METHODOLOGY
PROJECT: 19943 - 002; FORD EARTH CITY
SAMPLE ID: MW101

RESULTS REPORTED IN ug/L OR Parts Per Billion (PPB)

REPORT: 2388.01V

DATE: 05-07-90

dgATILES

sBOROHETHANE
SWIOMETHANE
~NYL CHLORIDE«OROETHANE

HYLENE CHLORIDE
iCETONE
JlBON DISULFIDE

iM-DICHLOROETHENE
IJl-DICHLOROETHANE

ANS-1,2-DICHLOROETHENE

tOROFORM
-DICHLOROETHANE

a-BUTANONE«,1-TRICHLOROETHANE
BON TETRACHLORIDE

_ YL ACETATE
'"" IMODICHLOROMETHANE

BET.
LIMIT RESULTS

f

10
10
10
10
5
10
5
5
5
5
5
5
10
5
5
10
5

ND
ND
ND
ND

18
5

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

B
J

VOLATILES

1,1,2,2-TET.RACHLOROETHANE
1,2-DICHLOROPROPANE
TRAN3-1,3-DICHLOROPROPENE
TRICHLORCZTHEME
DIBROMOCHLOROMETHANE
1,1,2-TRICHLOROETHANE
BENZENE
CIS-1,3-DICHLOROPROPENE
2-CHLOROETHYLVINYLETHER
BROMOFORM
2-HEXANONE
4-METHYL-2-PENTANONE
TETRACHLOROETHENE
TOLUENE
CHLOROBENZENE
ETHYLBENZENE
STYRENE
TOTAL XYLENES

DET.
LIMIT RESULTS

5
5
5
5
5
5
5
5
10
5
10
10
5
5
5
5
5
5

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

• QA/QC SURROGATE RECOVERIES

IDLUENE-d8(88-110) 97* BROMOFLUOROBENZENE(B6-115) 93* l,2-DICHLOROETHANE-d4(76-114) 97*

iNO = NOT DETECTED ABOVE QUANTITATION LIMIT
~' = ESTIMATED VALUE: CONCENTRATION BELOW LIMIT OF QUANTITATION
• a ANALYTE DETECTED IN BLANK AS WELL AS SAMPLE
•• = SURROGATE RECOVERY OUTSIDE OF G1C LIMITS

I

I



I
1700 W. Albany . Suite "C" . Broken Arrow, Oklahoma 74012 . 918-251-2858

!S 4 MOORE
t* BORMAN DRIVE. SUITE 340
.•3UIS, HO 63146
fi DAVID PURINGTON

« MATRIX: UATER
23B8.01

IOD REF.: SU846-8270, EPA METHODOLOGY
JKT: 19943 - 002; FORD EARTH CITY
!£§E ID: HU101

DET. RESULTS
LIMIT (uo/L)

11
-CHLOROETHYL)ETHER
OROPHENOL

rDICHLOROBENZENE

IICHLOROBENZENE
L ALCOHOL

"DICHLOROBENZENE

IHYLPHENOL
-CHLOROISOPROPYDETHER
HYLPHENOL

('"ROSO-DI-n-PROPYLAI1INE
HLOROETHANE
BENZENE

f-HORGNE

IROPHENOL
IMETHYLPHENOL

1QIC ACID
J-CHLOROETHOXY)METHANE
llCHLOROPHENOL
TI-TRICHLOROBENZENE
LTHALENE

OROANILINE
:HLOROBUTADIENE

lLORO-3-HETHYLPHENOL

EHYLNAPHTHALENE
HLOROCYCLOPENTADIENE

6-TRICHLOROPHENOL

(-TRICHLOROPHENOL
ORONAPHTHALENE
ROANILINE

:THYLPHTHALATE
IftPHTHYLENE
ITROANILINE

I*
!

10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
50
10
10
10
10
10
10
10
10
10
10
50
10
50
10
10
50

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

REPORT: 2388.01B

DATE: 05-07-90

DATE SUBMITTED: 04-17-90
DATE EXTRACTED: 04-17-90
DATE ANALYZED : 04-26-90

SEMIVOLATILES

ACENAPHTHENE
2,4-DINITROPHENOL
4-NITROPHENOL
DIBENZOFURAN
2,4-DINITROTOLUENE
2,6-DINITROTOLUENE
DIETHYLPHTHALATE
4-CHLOROPHENYL-PHENYLETHER
FLUORENE
4-MITROANILINE
4,6-DINITRO 2-METHYLPHENOL
N-NITROSODIPHENYLAMINE(l)
4-BROnOPHENYL-PHEMYLETHER
HEXACliLORQBENZENE
PENTACHLOROPHENOL
PHENANTHRENE
ANTHRACENE
DI-N-BUTYLPHTHALATE
FLUORANTHENE
PYRENE
BUTYLBENZYLPHTHALATE
3,3-DICHLOROBENZIDINE
BEKIZOC A) ANTHRACENE
BIS(2-ETHYLHEXYL)PHTHALATE
CHRYSENE
DI-N-OCTYL PHTHALATE
BENZO(B)FLUORANTHENE
BENZO(K)FLUORANTHENE
BENZO(A)PYRENE
INDENO(1,2,3-CD)PYRENE
DIBENZ(A,H)ANTHRACENE
BENZO(G,H,I)PERYLENE

DET. RESULTS
LIHIT fuo/L)

10
50
50
10
10
10
10
10
10
50
50
10
10
10
10
10
10
10
10
10
10
20
10
10
10
10
10
10
10
10
10
10

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

OBENZENE-ti5(35-114) 55?:
OL-65 (10-94) 63:;

QA/QC SURROGATE RECOVERIES

>-FLUOROBIPHENYL(43-116) 515 TERPHENYL-dl4 (33-141)
J-FLUOROPHENOL (21-100) 43:: 2,4,6-TRIBROflOPHENOU10-l23)

63:
60:

NOT DE7EC"D ABOVE QUANTITATIQN LIMIT
ESTIMATED VALUE: CONCENTRATION BELOW LIMIT Or CHJAHTITATION
ANALYTE DETECTED IN BLANK AS WELL AS SAI1PLE

- -<ECOV£RY OUTSIDE OF GIC LIMITS



I SOUTHWEST LABORATORY U*
1700 W. Albany . Suite "C" . Broken Arrow, Oklahoma 74012 . 918-251-2858

•_IENT: DAMES & MOORE
_ 11701 BORMAN DRIVE, SUITE 340
• ST. LOUIS, MO 63146

. • ATTN: DAVID PURINBTON

I SAMPLE MATRIX: WATER
SWLO # 2388.02

REPORT: 2388. 02M

DATE: 05-07-90

I DATE SUBMITTED: 04-17-90
PROJECT: 19943 -
SAMPLE ID: MW105

, Mli
"ARAMETER

1WAL CYANIDE

ilTAL METALS

A.RSENIC
IEAD
p*CURY
sH_ENIUM
THALLIUM
JBriMONY
SP^YLLIUM
TADMIUM
HftOMlUM
•dBspER
NICKEL
"llLVER
JNC

002 ; FORD

DET.
LIMIT

0 . 02

10.0
3.0
0.2
5 . 0
10.0
30 . 0
5.0
5 . 0
5 . 0
10.0
10.0
10.0
10.0

EARTH

UNIT

mg/L

ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L

CITY

RESULTS

ND

ND
ND
ND
ND
ND
ND
ND
ND
ND
73
ND
ND
489

DATE
ANALYZED

04-27-90

05-02-90
05-01-90
04-25-90
05-02-90
05-01-90
04-25-90
04-25-90
04-25-90
04-25-90
04-25-90
04-25-90
04-25-90
04-25-90

f

METHOD
REFERENCE

SM 412D

EPA 206.2
EPA 239.2
EPA 245.1
EPA 270.2
EPA 279.2
EPA 200.7
EPA 200.7
EPA 200.7
EPA 200.7
EPA 200.7
EPA 200.7
EPA 200.7
EPA 200.7

#E?A600/4-79-020, MARCH 1985
NOT DETECTED ABOVE QUANTITATION LIMIT
STANDARD METHOD, 16TH EDITION



**

**

I

I

?
I
1
i]

J.JJL YT __ _

1700 W. Albany . Suite "C* • Broken Arrow, Oklahoma 74012 . 918-251-28)*

DAMES & MOORE
11701 BORMAN DRIVE, SUITE 340
ST. LOUIS, MO 63146
ATTN: DAVID PURINGTON

REPORT: 2388, 02H

DATE: 05-07-90

SAMPLE MATRIX: WATER
SWLO # 2388.02
DATE SUBMITTED: 04-17-90
DATE EXTRACTED: 04-27-90
DATE ANALYZED: 05-02-90
METHOD REFERENCE: SW846-8150, EPA METHODOLOGY
PROJECT: 19943 - 002; FORD EARTH CITY
SAMPLE ID: MW105

RESULTS REPORTED IN ug/L OR Parts Per Billion

HERBICIDES
DET.
LIMIT RESULTS

2 , 4-D
2,4,5-TP (SILVEX)

1 . 0
0.2

ND
ND

I

QA/QC SURROGATE RECOVERY

2,4,5-T (10-98) - 91.27.

I

I

I

NOT DETECTED ABOVE QUANTITATION LIMIT
ESTIMATED VALUE: CONCENTRATION BELOW LIMIT OF QUANTITATION
ANALYTE DETECTED IN BLANK AS WELL AS SAMPLE
SURROGATE RECOVERY OUTSIDE OF QC LIMITS



I

I

SOUTHWESl^AJBUKAJLUKI
J700 W. Albany . 5u/f< "C . Broken Arrow, Oklahoma 74012 . 918-251-2858

DANES & MOORE REPORT: 2388.02P
11701 BQRMAN DRIVE, SUITE 340
ST. LOUIS, MO 63146 DATE: 05-07-90
ATTN: DAVID PURINGTON

SAMPLE MATRIX; WATER
SULO ft 2388.02
DATE SUBMITTED: 04-17-90
DATE EXTRACTED: 04-17-90
DATE ANALYZED : 05-01-90
METHOD REFERENCE: SU846-808G, EPA METHODOLOGY
SAMPLE ID: MW105

RESULTS REPORTED IN uq/L OR Parts Per Billion (PPB)

PESTICIDES/PCS'5 DETECTION LIMIT RESULTS

ALPHA-BHC 0.05 ND
BETA-BHC 0.05 ND
DELTA-BHC 0.05 ND
GAMMA-BHC(LINDANE) 0.05 ND
HEPTACHLOR 0.05 ND
ALDRIN 0.05 ' ND
HEPTACHLOR EPOXIDE 0.05 ND
ENDOSULFAN I 0.05 ND
DIELDRIN 0.1 ND
4,4-DDE 0.1 ND
ENDRIN 0.1 ND
ENDOSULFAN II 0.1 ND
4,4-DDD 0.1 ND
ENDOSULFAN SULFATE 0.1 ND
4,4-DDT 0.1 ND
METHOXYCHLOR 0.5 ND
ENDRIN KETONE 0.1 ND
ALPHA-CHLORDANE 0.5 ND
GAMMA-CHLORDANE 0.5 ND
TOXAPHENE 1.0 ND
AROCHLOR-1016 0.5 ND
AROCHLOR-1221 0.5 ND
AROCHLOR-1232 0.5 ND
AROCHLOR-1242 0.5 ND
AROCHLOR-1248 0.5 ND
AROCHLOR-1254 1.0 ND
AROCHLOR-1260 1.0 ND

QA/QC SURROGATE RECOVERIES

DIBUTYLCHLORENDATE (24-154) 65::

ND = NOT DETECTED ABOVE QUANTITATION LIMIT
J = ESTIMATED VALUE: CONCENTRATION BELOW LIMIT OF QUANTITATION
B = ANALYTE DETECTED IN BLANK AS WELL AS SAMPLE
* = SURROGATE RECOVERY OUTSIDE OF QC LIMITS



I
7700 W. Albany . Suite "C . Broken Arrow, Oklahoma 74012 . 918-251-2858

J

f
•

I
•

I
•

I

I

DAMES & MOORE
11701 BORMAN DRIVE, SUITE 340
ST. LOUIS, MO 63146
ATTN: DAVID PURINGTON

SAMPLE MATRIX: WATER
SULO tt 2388.02
DATE SUBMITTED: 04-17-90
DATE ANALYZED : 04-18-90
METHOD REFERENCE: SU846-8240, EPA METHODOLOGY
PROJECT: 19943 - 002; FORD EARTH CITY
SAMPLE ID: MU105

RESULTS REPORTED IN ug/L OR Parts Per Billion (PPB)

REPORT: 2388.02V

DATE: 05-07-90

;Q|TILES
— •i

\

.JyROMETHANE
iftBoMETHANE
-=jHlL CHLORIDE

ILOROETHANE

3YLENE CHLORIDE
ONE

jRBON DISULFIDE
j-A-DICHLOROETHENE
l,B-DICHLOROETHANE

jfiNS-l,2-DICHLOROETHENE
_yjROFORM
Cl-DICHLOROETHANE
iJRlTANONE

|l,l-TRICHLOROETHANE
TSBiON TETRACHLORIDE
JWL ACETATE

OMODICHLOROMETHANE

i
1

Dtl.
LIMIT

10
10
10
10
5
10
5

*5
5
5
5
10
5
5
10
5

RESULTS

ND
ND
ND
ND

IS B
e J

ND
ND
ND
ND
ND
ND
ND
ND
ND .
ND
ND •

QA/QC

VOLATILES

1,1,2, 2-TETRACHLOROETHANE
1,2-DICHLORO'PROPANE
TRANS-1 ,3-DICHLOROPROPENE
TRICHLQROETHENE
DIBROMOCHLOROMETHANE
1,1,2-TRICHLOROETHANE
BENZENE
CIS-1 ,3-DICHLOROPROPENE
2-CHLOROETHYLVINYLETHER
BROMOFORM
2-HEXANONE
4-METHYL-2-PENTANONE
TETRACHLOROETHENE
TOLUENE
CHLOROBENZENE
ETHYLBENZEME
STYRENE
TOTAL XYLENES

SURROGATE RECOVERIES

DET.
LIHIT RESULTS

5
5
5
5
5
5
5
5
10
5
10
10
5
5
5
5
5
5

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

10 BROMOFLUOROBENZENE(86-115) 90:; l,2-DICHLOROETHANE-d4(76-114) 103:

NOT DETECTED ABOVE G1UANTITATION LIMIT
ESTIMATED VALUE: CONCENTRATION BELOW LIMIT OF QUANTITATION

B= ANALYTE DETECTED IN BLANK AS WELL AS SAMPLE
SURROGATE RECOVERY OUTSIDE OF QC LIMITS



I
I

SOUTHWEST LABORATORY OF OKLAHOMA, INC.
2700 W. Albany . Suite "C" . Broken Arrow, Oklahoma 74012 • 918-251-2858

IES & MOORE
'OtaBORMAN DRIVE, SUITE 340
, BUIS, HO 63146
'N: DAVID PURINGTON

MATRIX: WATER
2388.02

-HOD REF.: SU346-8270, EPA METHODOLOGY
ijfcT: 19943 - 002; FORD EARTH CITY
IFK ID: NU105

rtJOLATILES
DET. RESULTS
LIMIT (UQ/L)

i
3-D

1
:-D

i»!

S g-CHLOROETHYL JETHER
CWORCFHENOL
3-DICHLOROBENZENE

•4»ICHLOROBENZENE
NflL ALCOHOL
"i-DICHLOROBENZENE
JlffHYLPHENOL
s-CHLOROISOPROPYL) ETHER

HYLPHENOL
•ROSG-DI-n-PROFYLAI1INE
HLOROETHANE
BENZENE

*

ROFHENOL
IMETHYLPHENOL

'SiZOIC ACID
^2-CHLOROETHOXY) METHANE
7»DICHLOROPHENOL
.J74-TRICHLOROBENZENE
£HTHALENE

-•LOROANILINE
EWCHLOROBUTADIENE
~:HLORO-3-METHYLPHENOL
JMTHYLNAPHTHALENE
lEjcHLOROCYCLOPENTADIENE
-4,6-TRICHLOROPHENOL
^,5-TRICHLOROPHENOL

:*WLORONAPHTHALENE
i-WITROANILINE
"METHYLPHTHALATE
-JvlAPHTHYLENE
3-KTROANILINE

10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
50
10
10
10
10
10
10
10
10
10
10
50
10
50
10
10
50

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

REPORT: 2388.02B

DATE: 05-07-90

DATE SUBMITTED:
DATE EXTRACTED:
DATE ANALYZED :

SEMIVDLATILES

ACENAPHTHENE
2,4-DINITROPHEMOL
4-NITROPHENOL
DIBENZOFURAN
2,4-DINITROTQLUENE
2,6-DINITROTOLUENE
DIETHYLPHTHALATE
4-CHLOROPHENYL-PHENYLETHER
FLUORENE
4-NITROANILINE
4,6-DINITRO 2-METHYLFHENOL
N-NITROSODIPHENYLAMINEC1)
4-BRQHOPHENYL-PHENYLETHER
HEXACHLOROBENZENE
PENTACHLOROPHENOL
PHENANTHRENE
ANTHRACENE
DI-N-BUTYLPHTHALATE
FLUORANTHENE
PYRENE
BUTYLBENZYLPHTHALATE
3,3-DICHLOROBENZIDINE
BENZOCA)ANTHRACENE
BIS(2-ETHYLHEXYL)PHTHALATE
CHRYSENE
DI-N-OCTYL PHTHALATE
BENZO(B)FLUORANTHENE
BENZO(K)FLUORANTHENE
BENZO(A)PYRENE
INDENO(1,2,3-CD)PYRENE
DIBENZ(A,H)ANTHRACENE
BENZO(G,H,I)PERYLENE

04-17-90
04-26-90
05-01-90

t

DET.
LIMIT

10
50
50
10
10
10
10
10
10
50
50
10
10
10
10
10
10
10
10
10
10
20
10
10
10
10
10
10
10
10
10
10

RESULTS
(ua/L)

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

2 J
ND
ND
ND
ND
ND
ND
ND
ND

iR03ENZENE-d5(35-114) 87:
NOL-d5 (10-94) 17'

QA/QC SURROGATE RECOVERIES

:-FLUOROBIPHENYL(43-116)
2-FLUOROPHENOL (21-100)

74?; TERPHENYL-dl4 (33-141) 85*
5::* 2,4,6-TRIDRO!10PHENOL( 10-123) 10*

•= WOT DETECTED ABOVE QUANTITATION LIMIT
= rsTTfiiTrn 'JAMIF: r^wrEMTRATIOM :<ELOU LIMIT OF QL'ANTTT/iTICN



1700 W. Albany . Suite "C" • Broken Arrow, UKianomu

1
1IENT: DAMES «< MOORE

11701 BORMAN DRIVE, SUITE 340
1 ST. LOUIS, MO 63146
_ ATTN: DAVID PURINGTON

- SAMPLE MATRIX: WATER
• SWLO t 2388.03

REPORT: 23BB.03M

DATE : 05-07-90

"• DATE SUBMITTED: 04-17-90
PROJECT: 19943 -

"*• SAMPLE ID: MW106

~* tm
ARAMETER•«•

_TOTAL CYANIDE

-IcTAL METALS

"MSENIC

""MERCURY
—SELENIUM
J^ALLIUM
HSivlTIMCNY
giRYLLIUH
H^DM I UM

. JHROMIUM
30PPER

1ICKEL
ILVER

"ZINC

002; FORD

DET.
LIMIT

0.01

10.0
3 - 0
0.2
5.0
1 0 . 0
30 . 0
5 . 0
5.0
5.0
10.0
10.0
10.0
10.0

EARTH

UNIT

mg/L

ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L

CITY

RESULTS

ND

ND
ND
ND
ND
ND
44.7
ND
ND
ND
80
ND
ND
56.4

f

DATE
ANALYZED

04-27-90

05-02-90
05-01-90
04-25-90
05-02-90
05-01-90
04-25-90
04-25-90
04-25-90
04-25-90
04-25-90
04-25-90
04-25-90
04-25-90

METHOD
REFERENCE

SM 412D

EPA 206.2
EPA 239.2
EPA 245.1
EPA 270.2
EPA 279.2
EPA 200.7
EPA 200.7
EPA 200.7
EPA 200.7
EPA 200.7
EPA 200.7
EPA 200.7
EPA 200.7

J
[j
I

D
MI
I

L. ••

I

= #EPA600/4-79-020, MARCH 19S5
= NOT DETECTED ABOVE DUANTITATIQN LIMIT
= STANDARD METHOD, 16TH EDITION



1700 W. Albany . Suite "C" . Broken Arrow, Oklahoma 74012 . 918-251-2858

._->

J
1
1
J
1
J

Iij§
i

lENT: DAMES & MOORE REPORT: 2388.03H
11701 BORMAN DRIVE, SUITE 340
ST. LOUIS, MO 63146 DATE: 05-07-90
ATTN: DAVID PURINGTON

SAMPLE MATRIX: WATER
SWLO # 2388.03
DATE SUBMITTED: 04-17-90
DATE EXTRACTED: 04-27-90
DATE ANALYZED: 05-02-90
METHOD REFERENCE: SW346-8150, EPA METHODOLOGY
PROJECT: 19943 - 002; FORD EARTH CITY
SAMPLE ID: MW106

RESULTS REPORTED IN ug/L OR Parts Per Billion

DET.
HERBICIDES LIMIT RESULTS

2,4-D 1.0 ND
2,4,5-TP (SILVEX) 0.2 ND

QA/QC SURROGATE RECOVERY

2,4,5-T (10-98) 91.77.

!
!
I

= NOT DETECTED ABOVE OUANTITATION LIMIT
= ESTIMATED VALUE: CONCENTRATION BELOW LIMIT OF OUANTITATION
= ANALYTE DETECTED IN BLANK! AS WELL AS SAMPLE
= SURROGATE RECOVERY OUTSIDE OF OC LIMITS



I

I

I

I

I

JLJ.JL TT . . .. ^, _
1700 W. Albany . Suite "C" . Broken Arrow, Oklahoma 74012 . 918-251-2858

DAMES & MOORE REPORT: 2388.03P
11701 BORMAN DRIVE, SUITE 340
ST. LOUIS, MO 63146 DATE: 05-07-90
ATTN: DAVID PURINGTON

SAMPLE MATRIX: WATER
SWLO tt 2388.03
DATE SUBMITTED: 04-17-90
DATE EXTRACTED: 04-17-90
DATE ANALYZED : 05-01-90
METHOD REFERENCE: SW846-8080, EPA METHODOLOGY
SAMPLE ID: MU106

RESULTS REPORTED IN ug/L OR Parts Per Billion (PPB)

PESTICIDES/PCB'S DETECTION LIMIT RESULTS

ALPHA-BHC 0.05 ND
BETA-BHC 0.05 ND
DELTA-BHC 0.05 ND
GAIIMA-BHC(LINDANE) 0.05 ND
HEPTACHLOR 0.05 ND
ALDRIN 0.05 • ND
HEPTACHLOR EPOXIDE 0.05 ND
ENDOSULFAN I 0.05 ND
DIELDRIN 0.1 ND
4,4-DDE 0.1 ND
ENDRIN 0.1 ND
ENDOSULFAN II 0.1 ND
4,4-DDD 0.1 ND
ENDOSULFAN SULFATE 0.1 ND
4,4-DDT 0.1 ND
METHOXYCHLOR 0.5 ND
ENDRIN KETONE 0.1 ND
ALPHA-CHLORDANE 0.5 ND
GAMMA-CHLORDANE 0.5 ND
TOXAPHENE 1.0 ND
AROCHLOR-1016 0.5 ND
AROCHLOR-1221 " 0.5 ND
AROCHLOR-1232 0.5 ND
AROCHLOR-1242 0.5 ND
AROCHLOR-1248 0.5 ' ND
AROCHLOR-1254 1.0 ND
AROCHLOR-1260 1.0 ND

OA/QC SURROGATE RECOVERIES

DIBUTYLCHLORENDATE (24-154) 70*

ND = NOT DETECTED ABOVE QUANTITATION LIMIT
J = ESTiriATED VALUE: CONCENTRATION BELOW LIMIT OF QUANTITATION
B = AMALYTE DETECTED IN BLANK A3 WELL AS SAMPLE
* = SURROGATE RECOVERY OUTSIDE OF G1C LIMITS



4
I

_j
CANT:

J

J

J

J

JL n YYJlfO J. JurxJL»v^J.vrxx
1700 W. Albany . Suite "C • Broken Arrow, Oklahoma 74012 . 918-221-2828

DAMES 4 MOORE
11701 BORMAN DRIVE, SUITE 340
ST. LOUIS, MO 63146
ATTN: DAVID PURINGTON

SAMPLE MATRIX: WATER
SWLO ft 2338.03
DATE SUBMITTED: 04-17-90
DATE ANALYZED : 04-18-90
METHOD REFERENCE: SU846-8240, EPA METHODOLOGY
PROJECT: 19943 - 002; FORD EARTH CITY
SAMPLE ID: MW106

RESULTS REPORTED IN uq/L OR Parts Per Billion (PPB)

REPORT: 2388.03V

DATE: 05-07-90

ATILES

tOROMETHANE
MOMETHANE

:NYL CHLORIDE
•ajLORCETHANE
.mHYLENE CHLORIDE
••TE

DET.
LIMIT RESULTS

^RBON DI3ULFIDE
M-DICHLOROETHENE
J^l-DICHLOROETHANE

.IANS-1.2-DICHLOROETHENE
OROFDRM
-DICHLOROETHANE

-BUTANONE

J
l.l-TRICHLOROETHANE
RBON TETRACHLORIDE
NYL ACETATE

^OMODICHLOROMETHANE

I

I

1

I

10
10
10
10
5
10
5
5
5
5
5
5
10
5
5
10
5

ND
ND
ND
ND

19
4

B
J

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

VOLATILES

1,1,2,2-TETRACHLOROETHANE
1,2-DICHLOROF'ROPANE
TRANS-1.3-DICHLOROPROPENE
TRICHL.OROETHENE
DIBROMOCHLOROMETHANE
1,1,2-TRICHLORQETHANE
BENZENE
CIS-1',3-OICHLOROPROPENE
2-CHLOROETHYLVINYLETHER
BROMOFORM
2-HEXANONE
4-METHYL-2-PENTANONE
TETRACHLOROETHENE
TOLUENE
CHLOROBENZENE
ETHYLBENZENE
STYRENE
TOTAL XYLENES

DET.
LIMIT RESULTS

5
5
5
5
5
5
5
5
10
5
10
10
5
5
5
5
5
5

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

BA/QC SURROGATE RECOVERIES

—3LUENE-d8(3B-110) 97:; BROMOFLUOROBENZENEO6-115) 94* l,2-DICHLOROETHANE-d4(76-114) 103:;

= NOT DETECTED ABOVE QUANTITATION LIMIT
= ESTIMATED VALUE: CONCENTRATION BELOW LIMIT OF QUANTITATION
= ANALYTE DETECTED IN BLANK AS WELL AS SAMPLE
= SURROGATE RECOVERY OUTSIDE OF QC LIMITS

I



1 SOUTHWEST LAUOKATUKY UJb
2700 W. Albany . Suite "C" . Broken Arrow, Oklahoma 74012 . 918-221-2858

MOORE
BORMAN DRIVE, SUITE 340
DUIS, MQ 63146
DAVID PURINGTON

|E MATRIX: WATER
ft 2388.03
ID REF.: SU846-B270, EPA METHODOLOGY
ICT: 19943 - 002; FORD EARTH CITY
IE ID: MU106

JOLATILES

l-CHLOROETHYL)ETHER
iLOROPHENOL
&ICHLOROBENZZNE
IICHLOROBENZENE

-,?L ALCOHOL
JpICHLOROBENZENE

'imHYLPHENOL
.SR-CHLOROI2CPROPYL) ETHER

JTHYLPHENOL
iJJrROSO-DI-n-PROPYLAMINE

""JOBENZENE
. ioRONE
•NMROPHEHOL
-fl&IMETHYLPHENOL

[.QIC ACID
i-CHLOROETHOXY)METHANE
UCHLOROPHENOL

*

'-TRICHLOROBENZENE
HALENE
OROANILINE

••^•CHLOROBUTADIENE
^LORO-3-METHYLPHENOL

'-•THYLNAPHTHALENE
iSCHLOROCYCLOPENTADIENE

6-TRICHLOROPHENOL
,|5-TRICHLOROPHENOL
-•LORONAPHTHALENE
1—.TROAN1LINE

'HYLPHTHALATE

DET. RESULTS
IMIT (UQ/L)

rUITROANILINE

10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
50
10
10
10
10
10
10
10
10
10
10
50
10
50
10
10
50

ND
ND
ND
ND
ND
ND
ND
ML
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

I

REPORT: 2338.03B

DATE: 05-07-90

DATE SUBMITTED:
DATE EXTRACTED:
DATE ANALYZED :

SEHIVOLATILE5

ACENAPHTHENE
2,4-DINITROPHENCL
4-NITROFHENOL
DIBENZOFURAN
2,4-DINITROTOLUCNE
2,6-DINITROTOLUENE
DIETHYLPHTHALATE
4-CHLOROPHENYL-PHENYLETHER
FLUORENE
4-NITROANILINE
4,6-DINITRO 2-HETHYLPHENOL
N-NITROSODIPHENYLAMINEd)
4-BROHOPHENYL-PHENYLETHER
HEXACHLOROBENZENE
PENTACHLORQPHENOL
PHENANTHRENE
ANTHRACENE
DI-N-BUTYLPHTHALATE
FLUORANTHENE
PYRENE
BUTYLBENZYLPHTHALATE
3,3-DICHLOROBENZIDINE
BENZO(A)ANTHRACENE
BIS(2-ETHYLHEXYL)PHTHALATE
CHRYSENE
DI-N-OCTYL PHTHALATE
BENZO(B)FLUORANTHENE
BENZO(K)FLUORANTHENE
BENZO(A)PYRENE
INDENO(lf2,3-CD)PYRENE
DIBENZ(A,H)ANTHRACENE
BENZO(G,H,I)PERYLENE

04-17-90
04-26-90
05-01-90

DET.
LIHIT

10
50
50
10
10
10
10
10
10
50
50
10
10
10
10
10
10
10
10
10
10
20
10
10
10
10
10
10
10
10
10
10

t

RESULTS
(ua/Li

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

27
ND
ND
ND
ND
ND
ND
ND
ND

QA/QC SURROGATE RECOVERIES

t08ENZENE-d5(33-114)
OL-a5 (10-94)

87?:
25:;

2-FLUOROBIPHENYU43-116)
2-FLUOROPHENOL (21-100)

73:; TERPHENYL-dlA (33-141) 76:
2,4,,6-TRIBROriOFHENOL( 10-123) 15'

|f NOT DETECTED ABOVE QUANTITATION LIMIT
. _= ESTIMATED VALUE: CONCENTRATION BELOW LIMIT Or QUANTITATION
_- AMALYTE DETECTED IN BLANK A3 WELL AS SAMPLE
••: 7URR')GA7"_ r\;:cnVF.RY QDT^IDF. OF HC LIMITS



• 1700 W. Albany . Suite "C . Broken Arrow, Oklahoma 74012

LreNT: DAMES & MOORE
11701 BORMAN DRIVE, SUITE 340

1 S T . LOUIS, MO 63146
ATTN: DAVID PURIN6TON

| SAMPLE MATRIX: WATER
SWLO # 2388.04

- DATE SUBMITTED:
• PROJECT: 19943 -

-• SAMPLE ID: MW107

"|

"ARAMETER

Tt^AL CYANIDE

SAL METALS

ENIC
~EAD
"•,'CURY
S«.ENIUK
-HALLIUM
MTIMONY

B^iYLLIUM
CADMIUM
aKOMIUM

•eBPPER
NTCKEL
"iILVER
JJNC

04-17-90
002; FORD

DET.
LIMIT

0.01

10.0
3.0
0.2
5.0
10.0
30 . 0
5.0
5.0
5.0
10.0
10.0
10.0
10.0

EARTH

UNIT

mg/L

ug/L
ug/L
ug/L
ug/L
uq/L
uq/L
UQ/L

ug/L
uq/L
ug/L
ug/L
ug/L
ug/L

CITY

RESULTS

ND

ND
ND
ND
ND
ND
33.1
ND
ND
ND
62
10.9
ND
43.0

. 975-257-2555

REPORT: 2388. 04M

DATE: 05-07-90

DATE
ANALYZED

04-27-90

05-02-90
05-01-90
04-25-90
05-02-90
05-01-90
04-25-90
04-25-90
04-25-90
04-25-90
04-25-90
04-25-90
04-25-90
04-25-90

r

METHOD
REFERENCE

SM 412D

EPA 206.2
EPA 239.2
EPA 245.1
EPA 270.2
EPA 279.2
EPA 200.7
EPA 200.7
EPA 200.7
EPA 200.7
EPA 200.7
EPA 200.7
EPA 200.7
EPA 200.7

4
I
ND

t

I

I

= *EPA600/4-79-020, MARCH 1985
= NOT DETECTED ABOVE QUANTITATION LIMIT
= STANDARD METHOD. 16TH EDITION



Table 4A
Radiologic Data Suaaary
Unbiased Soil Saaptes

Parameter

Type
•. — -•-
UCfJlll

Laboratory

Gross Alpha

Gross Beta

Uraniua-234

Uraniua 235/236

UraniiN 238

Thortua 230

Thorlua-232

Potass iua-40

Cesiut-137

ladiua-226

tadiua-228

Uhits

pCi/g

pci/g
pCi/g

pCi/fl

DCi/fl

pCl/B

PCi/g

pCl/g

PCi/fl

PCi/fl

pci/g

§X6

Background

0-6"

ITC

33.0 V 11.4

27.9 */• 9.6

1.1 */- 0.3

< Q.6

1.1 +/• 0.3

3.6 »/- 0.6

1.5 */- 0.3

18.1 »/- 2.9

<0,2

1.1 *L- 0.1

1.3 */• 0.2

UB1

investigative

0-6"

ITC

23.6 */- 9.9

23.5 */- 8.5

1.3 */- 0.3

<0.6

1.0 */- 0.2

2.5 */' 0.5

1.0 +/- 0.3

9.9 +/- 1.4

0.3 +/- 0.05

1.0 */- 0.1

1.1 */- 0.1

U82

Investigative

0-6"

ITC

26.0 +/- 10.1

30.0 +/- 11.1

1.2 */• 0.3

<0.6

1.2 */- 0.3

1.8 »/- 0.4

1.2 */• 0.3

11.7*/- 1.6

0.3 V 0.06

1.2 */- 0.1

1.2 */- 0.2

UB3

investigative

0-6"

ITC

25.8 «/- 10.1

31.1 */- 10.9

0.9 */• 0.2

<0.6

0.9 */- 0.2

2.2 V 0.5

1.2 V- 0.3

U.6 */- 1.9

0.2 V- 0.06

1.2 »/- 0.1

1.2 */- 0.2

UB4

Investigative

0-6"

ITC

20.0 V 8.5

29.0 V 9.9

1.0 */- 0.2

<0.6

0.7 V 0.2

2.1 V- 0.4

1.1 */- 0.3

17.7 V- 2.9

<0.2

1.1 V- 0.1

1.4 V- 0.2

UBS

investigative

0-6"

ITC

18.3 */• 8.3

25.6 */- 9.7

1.3 */- O.S

<0.6

1.0 +/- 0.2

3.0 */- 0.7

1.6 */- 0.4

18.6 »/• 3.0

<0.2

1.1 »/- 0.1

1.6 */• 0.2

UB6

Investigative

0-6"

ITC

27.5 V 9.9

25.1 V- 8.0

1.2 */- 0.3

<0.6

1.2 */- 0.3

2.5 */- 0.5

1.2 +/- 0.3

19.7 */- 3.2

0.2 »/- 0.05

1.2 */- 0.1

1.5 V- 0.2



Table 4B
•adlologic Data

Are* 81 Biased Soil Socles

Paraaeter

Typ*

Deptll

Laboratory

Cross Alpha

Cross Beta

Ifranfua-ZM

Uranlua 235/234

tlranfua 238

Thoriua230 _

Thorlua-232

Potass fua-40

Cesiua-137

Radius 226

•adiue-228

UhlM

pCl/fl

pCl/g

pc</g

pCi/g_

!>«/•_

pC«/9_

_pci/t_

PCI/fl

_»ci/g_

«*!/•

pci/a

KG

Background

0-6"

ITC

33.0 */• 11-*

27.9 */• 9.6

1.1 */• 0.3

< 0.6

1.1 V- 0.3

3.6 */- 0.6

1.5 V- 0.3

18.1 V 2.9

< 0.2

1.1 */- 0.1

1.3 */- 0.2

B1A

Investigative

0-6"

ITC

1650 +/- MO

313 V 66

7.9 */• 1.0

<0.6

6.9 V- 0.9

1580 */- 370

5.1 «/- 1.6

12.* V 2.2

<0.2

39.5 V- 3.3

1.0 */- 0.3

B1A

split of B1A

0-6"

CEP

**.6 +l~ 1.8

21.2 */- 0.6

*.2 */- 0.5

0.6 */- 0.2

1.6 V 0.3

<0.2

1.0 */- 0.2

11.1 */- 1.4

0.1 */- 0.1

41.4 V- 0.*

<0.1

B1B

dupt. of VIA

0-6"

ITC

1980 +/- 400

304 +/- 64

6.3 */• 1.1

<0.6

6.3 V 1.1

1390 */- 270

4.1 */- 1.1

6.8 V- 1.5

<0.2

29.6 V- *.S

1.0 V- 0.3

B1C

Investigative

6-12"

ITC

1810 */- 370

274 +/- 58

7.4 */- 1.0

<0.6

7.0 */- 1-0

1430 «/- 360

6.7 */• 2.2

11.6 */- 2.0

0.3 */• 0.1

24.0 */- 3.7

1.3 V 0.3



Table 4C
Rarffotogic Data

Area U Biased Soil Saaptes

Parameter

Type

Depth

Laboratory

Gross Alpha

Gross Beta

IfranfuB-ZM

Uraniua 235/236

Uraniua 238

Thoriua 230

Thoriua-232

Potassfua-40

Cesium 137

•adiua-226

RadiiM-228

Uhlts

Ptl/fl

pci/g

pC</9

pCl/g

pCi/g

PCI/8

pci/g

PCI/9

pcf/g

PCI/9

pti/g

KG

Background

0-6"

ITC

53.0 */- 11-*

27.9 */- 9.6

1.1 */• 0.3

< 0.6

1.1 »/• 0.3

3.6 V 0.6

1.5 V 0.3

1B.1 */• Z.9

<0.2

1.1 V 0.1

1.3 */- 0.2

B2A

Investigative

0-6"

ITC

7810 V 1570

969 V- 197

18.0 V- 2.4

2.1 */- 0.4

11.4 »/- 1.6

3720 */- 780

4.5 V- 1.3

9.4 */- 1.8

<0.2

15.1 */- 1.9

1.3 */- 0.4

B2A

split of B2A

0-6"

CEP

199 »/• 2.4

34.5 */- 0.5

14.4 */- 0.8

0.2 */* 0.1

2.4 +/- 0.3

<0.2

1.3 »/- 0.5

9.2 «/- 3.3

<0.1

132 V- 8.0

150 V- 38

•28

<M>t. of B2A

0-6"

ITC

5560 */ 1120

776 */- 159

11.3 */• 1.5

<0.6

6.5 »/• 0.9

2820 V- 580

13.1 «/- 3.0

9.2 */- 1.7

<0.2

59.3 */• 4.7

1.2 */• 0.3

B2C

Investigative

6-12"

ITC

1080 +/- 220

149 •/• 35

2.0 */• 0.3

0.7 »/• 0.2

2.1 */- 0.4

574 */- 113

1.2 »/- 0.5

9.5 */• 1.6

<0.2

9.9 V 1.6

1.0 V- 0.2



Table 40
Radiotogic Data
Coapoaite Soil

Parameter

Tvpe

Depth

laboratory

Gross Alpha

Gross Beta

UranlwrZM

Uraniua 235/236

Uranfua 238

Thoriua 230

Thoriua-232

Potassfua-40

Cesiua-137

Radius ZZ6

Radiu»-228

Unit*

PCl/fl

PCI/8

pc«/g
PCI/B

PCl/fl

pcl/g
pCl/g

PCI/9

pcl/g

PCl/fl

pCl/g

KG

Background

0-6"

ITC

S5.0 */- 11.4

27.9 +/- 9.6

1.1 */- 0.3

< 0.6

1.1 V- 0.3

3.6 V- 0.6

1.5 V- 0.3

18.1 */- 2.9

_« 0.2

1.1 V- 0.1

1.3 */- 0.2

CCMPf

Investigative

0-6"

ITC

15.0 */- 7.1

25.5 */- 10.1

1.0 */- 0.3

<0.6

1.0 */- 0.3

2.2 */- 0.5

1.3 */- 0.3

10.1 */- 1.4

<0.2

1.1 */- 0.1

1.2 */- 0.2

COHP2

investigative

0-6"

ITC

18.4 V 8.2

21.8 +/- 9.8

1.0 V 0.2

<0.6

0.8 V- 0.2

2.4 +/- 0.4

1.2 */- 0.3

18.2 */- 2.9

<0.2

1.2 V- 0.1

1.3 V 0.2



Table 5
Organic s Inorganic Data summary

Sediment Samples

parameter

TPH

TPH - Misc

Semivolatiles

Benzoic Acid

2 -Me thy Inaphtha lene

Phenanthrene

Di-n-butylphthalate

Fluor anthrene

Pyrene

Butylbenzylphthalate

Bis (2-Ethylhexyl) phthalate

Festicides/PCBs

Herbicides

Metals

Arsenic
Lead

Mercury

Selenium

Thallium

Antimony

Beryllium

Cadmium
Chromium

Copper

Nickel

Silver
Zinc

.pYanide

Units

mg/kg

mg/kg

ug/kg

ug/kg

ug/kg

ug/kg

ug/kg

ug/kg

ug/kg

ug/kg

ug/kg

ug/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

ug/kg

BUG

ND

14.9

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

5.8

17.4

ND

ND

ND

6.9

ND

1.1

14.5

24.0

18.0

ND

61.6

ND

83

ND

12.0

35

ND

30

10

40

50

ND

ND

ND

ND

2.12

12.4

ND

ND

ND

ND

ND

ND

5.5

15.2

9.7

ND

32.8

ND

84

ND

6.3

140

ND

40

100

ND

30

50

190

ND

ND

5.6

17.8

0.18

ND

ND

6.7

ND

ND

13.1

23.0

16.3

ND

56.8

ND



Table A
Radlologic Data

Sediacnt Saaples

Panweter

Type

Depth

laboratory

Gross Alpha

Gross Beta

Uraniw-ZM

Uranii* 235/236

UranliM 238

ThorfuaZ30

Thoriua-232

PotMsit*»-*0

Ceslus-137

•adiua-226

Radtua-228

Units

pel /a
pcl/g

PCi/g

pcl/g

pcl/g

PCi/g

pcl/g

DCi/fl

PCi/g

pcl/g

pci/g

KG

Baekgrowd

0-6"

ITC

33.0 »/- 11.*

27.9 V ».*

1.1 */- 0.3

< 0.6

1.1 */• 0.3

3.6 »/- 0.6

1.5 */- 0.3

18.1 */- 2.9

< 0.2

1.1 */- 0.1

1.3 */• 0.2

SI

investigative

0-6"

ITC

32.1 */• 11.8

26.7 «/- 11.0

1.0 »/- 0.3

<0.6

0.9 */- 0.2

1.3 V- 0.3

1.0 V- 0.3

17.7 V 3.0

<0.2

1.2 »/- 0.2

1.2 •/• 0.3

S2

investigative

0-6"

ITC

17.* */• 7.7

25.7 */• 9.1

1.0 */- 0.3

<0.6

1.1 */- 0.3

2.3 */- 0.*

1.2 */- 0.3

5.1 */- 1.0

.07 */- .03

1.2 */- 0.1

1.3 */- 0.2

S3

investigative

0-6"

ITC

23.2 */- 9.1

17.9 */• 7.6

0.7 */- 0.2

<0.6

0.8 */- 0.2

2.6 V- 0.4

0.7 V- 0.2

10.2 */- 1.4

<0.2

0.8 V- 0.1

0.6 «/- 0.1

1*

Investigative

0-18"

ITC

219 «/- 50

27.J »/ 9.4

1.1 */ 0.3

<0.6

0.6 */- 0.2

2.* */• 0.5

1.1 */- 0.3

10.9 */- 1.5

<0.2

1.2 V 0.1

1.3 V- 0.2
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TABLE 7

FORD (EARTH CITY). PHASE II PtOPEKTT EVALUATION
DGUHHOLE GAMMA LOGGING IESULTS

I

DEPTH
(6* INTERVALS)

6 A
12 B
18 C
24 0
30 E
36 F
42 G
48 N
54 I
60 J
66 K
72 I
78 M
84 N
90 0
96 P
102 0
108 R
114 S
120 T
126 U
132 V
138 W
144 X
150 T
156 Z
162 AA
168 AB
174 AC

m

IMITS1

CUTS/KIN
CNTS/MIN
CUTS/HIM
CNTS/MIN
CNTS/MiN
CNTS/MIN
CNTS/MIN
CNTS/MIN
CNTS/MIN
CNTS/MIN
CNTS/MIN
CNTS/MIN
CNTS/MIN
CNTS/MIN
CNTS/MIN
CNTS/MIN
CNTS/MIN
CNTS/MIN
CNTS/MIN
CNTS/MIN
CNTS/NJN
CNTS/MIN
CNTS/MIN
CNTS/MIN
CNTS/MIN
CNTS/MIN
CNTS/MIN
CNTS/MIN
CNTS/MIN

WELL
NU-101

3600
4000
4000
4000
4200
4000
4000
3600
3400
4000
4000
3800
3700
3700
3500
3600
3400
3400
3200
3500
3400
3400
3500
3600
3400
3300
UATER

UEU
NU-102

4000
4200
4200
4200
4300
4200
4200
3900
3700
3800
4000
3700
3700
3700
3800
3700
3700
3700
3600
3300
3200
3000
3000
3000
3000
3000
3100
3100
WATER

UEU
Mi- 103

4000
4000
4000
4000
3200
4000
4000
4000
4000
4000
4000
4000
4000
4000
4000-
3100
3400
4000
4000
3600
3700
3400
3600
3600
UATER

UEU
MM04

3900
4200
4400
4400
4500
4700
4500
4000
3300
4000
4000
4300
4300
4300
4000
4000
4000
4000
3300
3600
3900
3900
3700
3700
UATER

WELL
NV-105

3700
3600
3800
4000
4000
4000
4000
4300
4000
3500
3600
3800
3800
3700
3800
4000
4000
4000
3300
3600
3900
3900
3700
3700
UATER

UEU
NU-106

3800
3800
3800
4400
4400
4000
4000
4000
4000
3200
4200
4400
4400
4400
4200
4000
4200
4000
4000
UATER

WELL
MU-107

3600
4000
3600
3800
3800
3600
3800
3400
3400
3800
3800
4000
4000
4200
4000
4200
4000

UATER

Readings arc in gross courts per mi art e without background subtracted.
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Table 8
Volumes i Preservatives

Water Samples

Parameters

VOAs

Semivolatiles

Pesticides/PCBs

Herbicides

Metals

Cyanide

Radiologic
(Filtered)

Radiologic
(Unfiltered)

No.

2

1

1

1

1

1

1

1

Size

40 ml

2 liter

1 liter

1 liter

250 ml

500 ml

4 liter

4 liter

Type

glass
amber glass

amber glass

amber glass

polyethylene

polyethylene

plastic

plastic

Preserv

HC1

none

none

none

HNOT

NaOH

HN03

HN03

I

I

i?i_ '•&'£*&£
•'-' -1' • "/;-;*' •



Tabt* 9
Organic ft Inorganic Data

Mater Saaplea

PARAMETER

Type

Laboratory

VOCa (selected)

Methylene Chloride

Acetone

1-1 Oichloroethane

1-1 Dichloroethene

Toluene

Ethyl Benzene

Kylene

Seaivolatlle* (selected)

Di-ethylphthalate

Bts(2-ethylhexyl)phthalate

Chrysene

PesticidM/PCBs

Herbicide*

Netals (selected)

Antimony

Arsenic

Copper

Mercury

Nickel

Selenium

Silver

Zinc

Cyanide

UNITS

PP>

ppb

ppb

ppb

ppb

ppb

Ppb

Jpb

ppb

ppb

ppb

ppb

ppb

Ppb

ppb

ppb

ppb

ppb

ppb

ppb

PP»

MW-101

inv

SW

18 B

5 J

NO

NO

NO

NO

NO

NO

NO

NO

NO

NO

NO

NO

152

NO

NO

NO

NO

102

NO

MU-102

inv

SW

16 B

NO

3 J

NO

NO

NO

NO

NO

2 JB

1 J

NO

NO

NO

NO

326

NO

13.8

NO

ND

52.8

NO

MM- 103

inv

M

26 •

17 B

ND

NO

8

2 J

10

NO

NO

ND

NO

HO

34.5

NO

43

NO

ND

NO

NO

34.1

ND

MM- 104

Inv

SU

1 JB

5 JB

ND

NO

ND

ND

ND

ND

ND

ND

NO

NO

ND

ND

131

ND

ND

ND

ND

40.7

ND

MU-105

Inv

SU

18 B

6 J

NO

ND

ND

NO

ND

ND

2 J

ND

ND

ND

NO

ND

73

NO

ND

ND

NO

489

NO

Ml- 106

inv

SU

19 B

4 J

NO

NO

ND

ND

ND

ND

27

ND

ND

NO

44.7

ND

80

NO

NO

ND

NO

56.4

NO

Ml- 107

inv

SU

16 B

3 J

NO

ND

ND

ND

ND

NO

ND

ND

ND

ND

33.1

ND

62

ND

10.9

ND

ND

43

ND

NU-108

102

SU

IS B

NO

ND

3 J

ND

ND

NO

ND

NO

ND

ND

ND

34.5

NO

81

ND

14

ND

ND

44.5

ND

MI-109

102

EEI

ND

ND

6

ND

ND

NO

ND

NO

ND

ND

ND

ND

ND

3.1

ND

0.48

ND

1.3

1.1

ND

NO

Ml- 1090

102

EEt

ND

ND

NO

ND

NO

ND

ND

ND

14

NO

ND

ND

ND

2.5

ND

ND

ND

NO

NO

ND

ND

MU-110

rinse

SU

161

4 JB

ND

ND

NO

ND

ND

8 J

NO

NO

ND

ND

ND

ND

102

ND

NO

ND

ND

40.5

ND
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KM* 1M
ladlotogic Data

Water tapl

Parawter

Type

Laboratory

Cross Alpha

Cross Beta

UraniuB-234

Uranlua Z39/ZS6

Uran<uaZ38

Thoriui Z30

Thoriua-Z3Z

Potassiua-«0

Cesiua-137

Radiua-2Z6

Radfua-228

Uhfts

PCI/1

pCt/l

PCI/I

PCI/I

pCI/l

PCI/1

pCf/l

pCi/(

PCI/I

PC«/1

pCI/l

NUfOI-U

Investigative

Unfit tered

ITC

< 10.0

9.1 */- 1.8

1.4 V- 0.6

8.6 */- 1.7

1.0 */- 0.4

< 1.0

<130

< 20

< 1.0

< 3.0

Hwioi-r
Investigative

Filtered

ITG

< 7.7

1.3 */• 0.3

< t.O

< 1.0

< 1.0

< 1.0

<140

< 20

< 1.0

< 3.0

MW102-U

Investigative

Unflltered

ITC

< «.1

1.4 */- 0.4

< 1.0

1.3 »/- 0.4

< 1.0

< 1.0

<UO

< 20

< 1.0

< 3.0

MW102-F

Investigative

Filtered

ITC

< 2.3

2.4 +/- 0.6

< 1.0

1.6 V 0.5

< 1.0

< 1.0

«180

« 20

< 1.0

< 3.0

MI103-U

Investigative

Unflltered

ITC

17.2 V- 9.6

23.4 «/• 10.1

1.3 «/- 0.2

< 1.0

1.2 */• 0.2

1.2 */- 0.5

< 1.0

<150

< 20

< 1.0

< 3.0

MU103-F

Investigative

Filtered

ITC

« 7.0

<13.4

_5.1 */- 0.9

' L°

3.6 */- 0.7

t.6 */• 0.5

< 1.0

<180

< 20

< 1.0

< 3.0



TaM* 10*
Data

Water Saapt

Parameter

Type

Laboratory

CroM Alpha

Cross Beta

Uranltat-ZM

Uraniua 235/236

Uraniua Z38

Thoriua230

Thor(wr232

Petasmiue-40

Cesfua-137

Radiw-226

Radiua-228

onft«

rc(/l

pci/l
PCI/1

DCi/l

PCI/C

PCI/1

PCI/I

PCI/1

PCI/I

PCI/I

pcl/l

M/1M-U

Inwttigatlve

Unflttercd

ITC

11.4 */• 7.4

18.7 */- 7.4

3.8 */- 0.7

« 1.0

2.7 */- 0.«

2.0 V 0.6

1.5 #/- 0.6

<UO

< 20

< 1.0

< 3.0

NU1M-F

investigative

Filtered

ITC

< 2.0

< 8.3

2.0 V 0.5

< 1.0

1.1 */• 0.4

< 1.0

< 1.0

104 +/- 60

< 20

< 1.0

« 3.0

HW105-U

Investigative

Unflltered

ITC

16.9 V- 8.3

U.5 •/- 9.1

< 1.0

< 1.0

< 1.0

< 1.0

< 1.0

145 */- 74

< 20

< 1.0

< 3.0

NU105-F

Investigative

Filtered

ITC

< 10.1

7.32 */.- 5.6

1.3 */• 0.3

< 1.0

< 1.0

« 1.0

< 1.0

<HO

« 20

< 1.0

< 3.0

MU106-U

Investigative

Unflltered

ITC

101 V 23

29.5 */• 12.2

2.2 */- 0.5

< 1.0

1.4 */- 0.4

4.5 •/• 1.2

6.1 */- 1.5

283 */- 114

< 20

1.4 */- 0.3

< 3.0

MU106-F

Investigative

Filtered

ITC

< 10.2

< 16.0

3.8 */- 0.6

< 1.0

2.7*̂ - 0.8

< 1.0

< 1.0

<140

< 20

1.1 */- 0.3

< 3.0



Table IOC
tadlotonic Data

Water Saapl

Parameter

Typ«

Laboratory

Gross Alpha

Gross Beta

Uraniiw-234

Uranfua 235/236

Uraniua 258

Thoriiai 230

Thoriua-232

Potass iut-40

Cesium 137

Radiua-226

ladiua-228

units

PCI/l

PCI/1

PCI/l

PCI/I

PCI/l

JC»/l

PCI/1

PCI/l

PCI/I

PCI/l

pCl/l

HU107-U

Investigative

Unflltered

ITC

202 V- 36

17.7 */• 11.0

< 1.0

< 1.0

< 1.0

< 1.0

< 1.0

<180

« 20

< 1.0

« 3.0

NUl 07- F

investigative

Filtered

ITC

< 10

< 9.3

1.6 •/- 0.4

< 1.0

1.2 «/- 0.3

< 1.0

< 1.0

<180

< 20

< 1.0

< 3.0

MU108-U

<M>1. MU102-U

Unflltered

ITC

< 7.5

< 10.3

2.2 */- 0.5

< 1.0

1.7 V- 0.4

1.6 •/- 0.6

< 1.0

«190

< 20

« 1.0

< 3.0

MU108-F

dupl. MU102-r

Filtered

ITC

< 10.6

< 8.4

3.6 */- 0.6

< 1.0

2.9 V- 0,5

< 1.0

< 1.0

«150

< 20

< 1.0

< 3.0

MU109-U

split HU102-U

Unfiltered

CEP

< 2.0

7 */- 3

< 0.6

< 0.6

< 0.6

< 0.6

< 0.6

< 5

11.0 */- 0.8

1.5 +/- 1.0

< 1

MI109-F

split HU102-F

Filtered

CEP

< 2.0

< 3

< 0.6

< 0.6

< 0.6

< 0.6

< 0.6

< 5

< 2

< 0.6

< 1



100
IvMolegic Omtm

Uater

!

p*rwwter

Type

laboratory

Gross Alpha

Gross Beta

Uraniua-ZM

Uranlua Z55/ZM

Uraniua 238

Thoriua 230

Thorfua-232

Potass fua-40

Cesfia»-157

tadiua-226

RadiiM-228

Uhlta

PCI/1

pCI/t

pCI/»

PCI/t

pC(/l

PC</1

PC«/1

DCi/l

PCI/1

PCI/1

pCl/l

MIIIO-U

rinse

UnfUtered

ITC

< 1.0

< 4.0

< 1.0

< 1.0

< 1.0

< 1.0

< 1.0

<100

< 20

< 1.0

« 3.0

MU110-F

rinse

Filtered

ITC

< 1.0

< 4.0

< 1.0

< 1.0

< 1.0

< 1.0

< 1.0

<190

< 20

< 1.0

< 3.0

IMT

soft rinse

ITC

•
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TABLE 11

SAMPLE REANALYSIS DATA

•
Sample ID

S4

B1A

B2A

MW106-U

Type

Sediment

Soil

Soil

Groundwater

Parameter(s)
Reanalyzed

Gross alpha

Gross alpha
Gross beta
Thorium-230

Gross alpha
Gross beta
Thorium-230
Radium-226
Radium-228

Gross alpha

Date

5/25/90

5/25/90
5/25/90
6/07/90

5/25/90
5/25/90
6/07/90
5/25/90
5/25/90

5/25/90

Results ± 2G (units)

19.3 ± 8.6 (pCi/g)

1140±240(pCi/g)
250 ± 53 (pCi/g)
1750 ± 360 (pCi/g)

4100 ± 830 (pCi/g)
627 ± 129 (pCi/g)

3530 ± 970 (pCi/g)
89.5 + 4.7 (pCi/g)
< 1.16 (pCi/g)

307 ± 133 (pCi/g)

D&M Job No. 19943-002-045
June 14, 1990



West Lake Landfill

/TTJ} FORD PROPERTY

WEST LAKE LANDFILL
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LANDFILLED RADIOACTIVE^
MATERIAL

' FIGURE 1

SITE LAYOUT MAP

U.S. REAL ESTATE

EARTH CITY, MISSOURI

Job No. 19943-002 Dames & Moore



West Lake Landfill
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- FIGURE 2

AREA OF OVERLAND GAMMA SURVEY

U.S. REAL ESTATE

EARTH CITY, MISSOURI

Job No. 19943-002 Dames & Moorn
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FIGURE 3

GAMMA SURVEY GRID OVERLAYS

U.S. REAL ESTATE
EARTH CITY, MISSOURI

Job No. 19943-002 Dames & Moore
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SOIL SAMPLE LOCATIONS

U.S. REAL ESTATE
EARTH CITY, MISSOURI

Job No. 19943-002 Dames & Moore



i "• V - »-
' H^Hl I ^^^M

West Lake Landfill
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• SEDIMENT SAMPLE LOCATIONS

SEDIMENT SAMPLE LOCATIONS

U.S. REAL ESTATE
EARTH CITY, MISSOURI

Job No. 19943-002 Dames & Moore



West Lake Landfill

V

FIGURES
SOIL BORING/ GROUNDWATER

MONITORING WELL LOCATIONS
U.S. REAL ESTATE

EARTH CITY, MISSOURI

BORING/ MONITORING WELL LOCATIONS Job No. 19943-002 Dames & Moore
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FIGURE 7-101

CGWJHGLS GASiMA LOG

FIGURE 7-102

CC^NHCLE OA».»v*A LOG

FIGURE 7-103

'.Co
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FIGURE 7-104

FIGURE 7

DOWNHOLE GAMMA RADIATION PLOTS

U.S. REAL ESTATE

EARTH CITY, MISSOURI

Job No. 19943-002 Dames & Moor
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APPENDIX A
Certificates of Calibration



CORPORATION

1
T!

}

_ CUSTOMER:-

12345 KINSMAN ROAD. NEWBURY, OHIO 44065
(216) 564-2251 telex 980474

CERTIFICATE OF INSTRUMENT CALIBRATION

DAMES & MOORE

micro rem A882N
INSTRUMENT MODEL:- SERIAL #

4 CALIBRATION DATA

RANGE I EXPOSURE RATE'INST. READINGjEXPOSURE RATE'INST. READING;•i i

i
¥
*
'i1
i
1
I
I

I
. X1000

i

X100

XI 0

XI

XO.l

160 mR/h

16 mR/h

1.6 mR/h

160 uR/h

16 uR/h

160

16

1.6

160

16

40 mR/h

4 mR/h

400 uR/h

40 uR/h

i

40

3.9 ]

400

i

40

THE Cs-137 1 Ci SOURCE USED FOR THIS CALIBRATION HAS A CERTIFICATE
STATING ITS TRACEABILITY TO N.B.S. (N.I.S.T.) STANDARDS.

* INSTRUMENT CALIBRATED WITH A CS-137 GAMMA SOURCE USING A CONVERSION
FACTOR OF 1 urem/h

1 uR/h

OTHER CALIBRATIONS AVAILABLE WPON REQUEST.

CALIBRATED BY:- C -DATE:-



i 12345 KINSMAN ROAD. NEWBURY, OHIO 44065
(216) 564-2251 telex 980474

• CERTIFICATE

4
i•
l

OF INSTRUMENT

/

DAMES & MOORE

INSTRUMENT MOI
micro rem

CALIBRATION

r

w Moc-40
A880N

-•§ CALIBRATION DATA

i
J RANGE EXPOSURE RATE

i i

Jj. X1000

J
t

l-t
u
'13
IJ

X100

XI 0

XI

XO.l

160 mR/h

' 16 mR/h

1.6 mR/h

160 uR/h

16 uR/h

|

~l THE Cs-137 1 Ci SOURCE USED
«i STATING ITS TRACEABILITY TO

i
INST. READING

160

16

1.6

160

16

!
i t
I

EXPOSURE RATE

40 mR/h

4 mR/h

400 uR/h

40 uR/h

INST. READING
i
i
i

40 1
i

4 ii
400

I
1

40

FOR THIS CALIBRATION HAS A CERTIFICATE
N.B.S. (N.I.S.T.) STANDARDS.

«- 1* INSTRUMENT CALIBRATED WITH A CS-137 GAMMA
.-' FACTOR OF 1 urem/h

m • 1 uR/h

1* •" OTHER CALIBRA1

||~ CALIBRATED BY:-

TIONS AVAILABLE UPON REQUEST

^iWrr^CAA C' • f -SF«V>O_\-
/'

SOURCE USING A CONVERSION

i I V • / /^I/ ^* / A / ̂ —^



I
I

APPENDIX B
Chain-of-Custody Records

•



DAMES & MOORE Cl IAIN-OF-CUSTODY RECORD

Sample Source & Cllonl 7^~g]E£> CJ^ J££fl(- G^^fl"^**

t'rofocl Tlllo <^/f|C-7X^- £. ( T^

Dale

•

-(-

^

.Time

*—

^
/

Snniplo
I.D. No. \-

s;
-53

J 3
5/
C (
^z.

uB-l
o«-a
oS-3
off- V
of-*"
UF-£

^*

^— ̂
tlellnqulalied byl
• (Signature)

He iiii(|u laded byl
(Signature)

Re 1 1 iv|tila1icd byl
(Signature)

Data

f f M
\-f f f M

Data

Dote

Tina

S.'OQ

Tine

Tina

Snmplo
Typo

3»-el.-ifr*J

S«^

^^j
SjeJ

So< ( -<u**J>

S«.'l C^p

^04" (

•Ttf, 1

50, I

jro; ̂r«l(
50. [

-~\
\^

Mo. of
Coiilnlnnrs

1

»

1 !

,

/

/

1
1
i

1

- 1

1

^~~\

- \ ^
^-^

Deceived byl Data
(Signature)

Received byl Data
_. (Signature)

•

k^celvcd liyt Dnto
(Signature)

Tine

Time

Tine

Jol> Ho. /^^y^ -O01

Sampling Silo

^A CL^ fc*L £</

5«o ^*^/

•

OM//SXJ

/^l eo"3"7

1 ̂ 1 <*-* / ^5o 5'
VfofJ / fc LfJ

1 ?c//0/7<cu

^_ ^ ^~~

^^ \ ^ '

Hel ln<|iil ohed byl
(Slgnatura)

Hel Inqul alicd byl
(Signature)

Hel Intpil olied byl
(Signature)

Data

Date

Data

Field Personnel, (Signature) .•

Remarks

<3-^f "

0-C

a-c
<3-G"

n-t:
o-c . .

.
•

•

V.
t

TJma Received byl Date . Tine
(Signature)

• *

Tina Received" byl Date Tine
(Signature)

Tine Received byl Date Tine
(Signature)



O

DAMES & MOORE Cl IA1N-OF-CUSTODY RECORD

Sample Source & Cllenl 7~:z?£I> (JS &-4 ( £5"/*6>
Projoct Title ffajl &£

Dale

>

£
1

\_

.Time

/

/

/

/

Sniuplo
I.D. No. V

r? /_ /a

KI-B

Kl-C
15 2- /V

6 -̂1?
B5-C

5^ .̂
u/A^T

^ ^

/ \
\
\
\ -̂

~-

Hel Itvjti tilted byl Data Time
• (Signature) /

^sf &JlA^ fa r' °°
Heiinqulalied byl Date Tina

(Signature)

R e t 1 ivjtil alicil liyi Date Tine
Signature)

Sninplo
Type

soil
So: (

Jo.1

Jt*(

3«.'/

so: I
.SOI I

fa-tcvtv

x
/

/
/

No. ol
Contnlnors

/

/

\

\
1

/

/

/

^\

- \

\
\
V

deceived byt
(Signature)

Received byl
(Signature)

a

fvrfcclvci l byl
(Signature)

Data

Date

Data

Tine
•*

Tlmr

Time 1

Job No. /f <?Y3 -00 ^

Snmpllno Silo

At** *

/

L

A«« ?-
I
I . •

X^ ^
/

r *. •

/

^r •

Kel lm|ulalied by I
(Signature)
i

Icllnqulaltcd byl
(Signature)

Icl 1 m|iil nlied byl
(Signature)

Data

Data

Date

Field Personnel. (Signature) .•

Remarks

O-&

Q-C •'• •

6-it
0-C
o-c •
e-tz . .
<^-77

•
X

/

\ /

\ /

\ /
t

t

Tina deceived byi Date. Tine
(Signature)

Time deceived byl Date Tine
. . (Signature)

Tine decelveil by I Date Time
(Signature)



••i mm: mmt.mmi mm: mm: mm* mmi mm a mm i mm I mm

/ r 7

DAMES & MOORE Cl IAIM-OF-CUSTODY RECORD

Snmplo Source & CHcnl f-V/Z-J? (Jj> &L<^ ^^'Tfi^UA

l'ro|ocl Tlllo (?i/tl C''£}

Dnld

/
/

\

^

net
(

ft\
(

nrl

.Tlmo

/

/

-S

Snrnnlo
1.0. No. v

R/^G-
SY

33

C*oi*\p ^

do^p r.

x^/ \
// • \\

•

ln<|ul flted byl Date
Signature) /

ln(|"t*lied liyl Date
Signature)

1 iwpil nlicil liyi Dnte
Signature)

Time

C-Bo

Time

Tina

Snmplo
Typo

So,' }

&><£< !**<

Sec(.'*^d

so; i
Sd,% /

\ /
• ^~ ~^

Mo. ol
Conlrtlnors

3
•3
3 :

3

•3

s~
/

/
/

/
/

.

Received hyi
(Slgimture)

Received Ityl
(Signature)

firfcelvcd liyl
(Slgnntiire)

Uate

Dntn

Until

Tlmi*

Time

TUr 1

Job No. 7 *? ?lf 3~ O O ~l_

Snmpllno Silo

•

^^X
A
\
\ -
\
\ -v^ '

•

Kellu<|ulolied byl Date
(Slgnatiira)

Id liu|u I tilted byl Date
(Rlgtinture)

\K 1 1 n«|«il nlicd dyl Dale
(Signature)

Hold Personnel. (Signature) :•

Remarks

~Tf>// ^H/ V, &J fbl /K,f CM
* *• •

t ' •
. ' . '•'

. .

/ •

/

/
/

^

f

/

Tine Received byl Date. Tlae
(Signature)

• *

tine Received byl Date Time
. . (Signature)

time Racelveil byl Dote Time
(Signature)



r
DAMES & MOORE Cl IAIN-OF-CU3TODY RECOnD

•

;

Sninplo Source & Client 'f̂ dfe?? (j £ EjfftJ? £»S"/M£d

Projocl Tllle £^71 C; L^ ~ fta^ fr

Onto

~tf/2

Y//I
^~ —

•

.Tlmo

1

V\
\

Sninplo
1.0. No. v

£/A

K2- /I

/

- /

\ /

vy •

Itel I initialled byl
(Signature)

TV/4&
1l«rTliin« tailed byl

(Signature)

Re i 1 ivjulaltcd byi
(Signature)

•

Data

y/«
Date

Date

Tina

fxn

Tina

Tina

Sninplo
Typo

•

<^5/ /

sot 1

^
X

/

Mo. of
Conlnlnnrn

/

/
;

^

X
\
\
\

\

.

Received byl
(Signature)

necelved byl
(Signature)

•

f iocclvcd byl
(Signature)

Data

Hate

lint a

Time
t

Tlwr

TJine

Joh Mo. /f«7VJ- oo^

Snmpllnn Silo

*

/
/

V ^ •

•

llel Inipilolieil byl Data
(Signature)
i

.

ll«l 1 nc|«il tilted byl Date
(Signature)

Itci iii(|iilnlieJ byl flnte
(Slgnatiire)

Hold Personnel. (Signature) .--

Remarks

0-&"

0-.G" -•• •

)

' / - '•

-/• -

/

/
7

•

9

/

Tina Received byl Date. Tine
(Signature)

•

Tine Received byl Date Time
(Signature)

Tine Received byl Date Tlaa
(Signature)



DAMES & MOORE Cl IAIN-OF-CUSTODY RECORD

•

f

Sample Source & Cllenl

Projocl Title

Dale

f

L>

•

Del
(

r

.Time

(9-V5
ft-'tS
I(:o6
/(: 00

<?.-**>

^-<x>

Somplo
MX No.

S]aJ /&5(£
/V\(AJ IOSE
/y\uj fo& it-
/noJ /o(> f-~
/yihj /o~? ̂ c
/n i*J /o~) /•*"

•

Inqulalted byl Data Tina

Rellnqulahed byl Data Tina
(Signature)

Rel 1 ivpilalicd by! Date Tina
(Signature)

Snmplo
Typo

G0*f<^

,

/

/

/

l>

^

No. ol
Conlnlnors

/

/

(

f

f

\

Deceived byl
(Signature)

Received byl
(Signature)

Received byl
(Signature)

Data

Date

Date

Tine

Tine 1

Time r

Job No.

' ..Sampllng-Slla —

^(.«2S \
0 I

I

. i

.

.

-

Rel ln<| ulalied byl Data
(Signature)

llellnqulalied byl Data
(Signature)

Icl Inipil abed byl Date
(Signature)

Flold Personnel. (Signature) •

Remarks

A/uk;* <&>. V£,e^&,

fi-'SCOS£»^ UJ/ •' •

~D*w,-c( Dooio^

|^O 1 f**i I 1 O ^ / 1

' ^

f

Tina Received byl Date Tine
(Signature)

• *

Tine Received byl Date Tine
(Signature)

Tine Received byl Dote Tine
(Signature)



»•* ii•»..!•
• f\ c l& ^

V ^Z.TC\ , ^—
DAMES & MOORE C\ IAIN-OF-CUSTODY RECORD

H aflit

1

Sample Source & Cllenl /-^r«/

Projocl Tlllo

Dale

2i

•

\
_

z_

|
/

V

tr^-tL cT/^^

.Time

«7vatf»

7.-00

/O'.oO

fO-oo

/0;3o

fO'ZO
I3'3o

JS'3o

Jf-3*
H-3*
/

/

•v

Snmplo
I.D. No.

ft\ to/lo cc
fttullOf

*\<UlOZOL

rtuiozr
/H uj /0^ C(

/H6 j IdVF
MUJ In 3 c<.
Mc^jfolF
M cu /o*/ U.
<*\<JLJtO*Sf

^}
/

/ I
/WxJf Of P"
v\oO | of Cd

Relltv|«i(ahetl byl Data Tina
(Signature) /

tlel ln<1 ulthed byl Date Tina
(Signature)

Re 1 liv)ul«l«c<i byt Date Tine
(Signature)

Snmpla
Typo

co<tu
|
I

/

\l/

^^
/

/

No. ol
Conlnlnors

r

t )-\ ^\ /^~^

Recelveil byt Date
(Signature)

Received byl Date
(Signature)

Received byt Date
(Signature)

Time

Tine 1

Tine T

Job No.

Sampling Silo

^ N

\ / •\ /
^+—f^

nellr>i}ulalied byl Date
(Signature)

•

lelln<|«italie<i byl Date
(Signature)

tci 1 tiqul nliet) byt Date
(Signature)

iPlold Personnel. (Signature) •

Remarks

1) t ' i^ > O A f
f- * c|f CHO t it ±X 1 'rt , \-\ j» 1

/

Ti/uivf Q>o(* *
Zlr/H &>f6'ffa W

I 1

• ' •

,

x

*v /" \

^—^ ^ —
t

Tine Received byl Date Tlae
(Signature)

Tine Received byl Date Tine
(Signature)

Tine Received byt Date Tlae
(Signature)



/f

a

^ --N />o/c' t'uif , 1 ̂ •/*'* . (Sfl>f>*i4 2 Of 5)

<* DAMES & MOORE CIIAIN-OP-CUSTODY RECORD ' S^ORc^*/*

Sample Source A Client '•Ferret £-6.-^^ £,'£*-

Projocl Tllle /*? *? '/ 3~ OO'd

Dale

Y-&S-,

I

/

•

. »\
/
/I/

.Time

P-36>

\J

l,Vf*

\J

/^
/

Sample
I.O. No. '

Mr. >/O 1

I

I

A1C^/05

.

V
\
^^-^

el Inqulalied byl Data
(Signature) ./rwmy/r

ellnqiileJied byl Date
(Signature)

e 1 1 iiq ill a lied byl Date
(Signature)

Tina

£-,•*

Tina

Tine

Snmplo
Typo

•

tL> *l̂ fll
1

p

^^~
/

No. of
Conlnlnors

3 '/6'nV?

/ - L(?

r3 - IX

1 . <=±00.\,\y.

( -,OS7'^

^ '#C'.h#
/ - z ^
z - 1*
/ - S?V3.,cC

.{ -3^2'^C
i

\
N.

T •

.loh No.

-Sampllrnj-Slro-
|7>j-N<PSC-//eK' A'vjJ*-

nc.i
/W>C<

Arttl.e.

AJfiOl-f

/y/co?
I-/-C' f

A rtv*

A ^UJL

/U ^:V/
///OfT)?

~f*'

^^ .

•

Field Personnel. (Signature) •

Remarks

V/OA

j5c>-i>t/wj«i/« k(j> * • ' •

1^*6 /£<*v^
•̂ ^S^^CirAJ

/Riz.-fc^s
CJOA • •
..'J-C'l. •> ft J/9 ! ' J*'b ̂

Î a*j8 /&${
<?{> '. .
A\si.-k&s

_^- " "~ -"

•

/

Received byl Data Tine Re 1 Inqulalied byl Date Tina deceived byl Date. Tine
(Signature) ' (Signature) (Signature)

i •

Received byl Date Tine He 1 Inqulalied byl Date Tine Received byl Date Tina
(Signature) (Signature) • (Signature)

• •

k.icelvcd byt Date time flel 1 nqul ohed byl Date Time Received byt Date Tine
(Signature) • (Signature) (Signature)

• ••



1_

DAMES & MOORE Cl IAIN-OF-CUSTODY RECORD

Sample Source & Clienl

Pro|ecl Title

Dale

Y-fe-7

}
/

1
i
vl/

,

/

( x
~

.Time

• //. 'OH

Somple
I.D. No.

/nuo(&£
\

' 1 /
1

J

$VO

*?:<*<>
1

1
- —

&

/fAG-j /O7

I

*~T^- (

A/I / •
\ /r

Rel Inqulalied byl Date Tina
• (Signature)

Relinquished byt Date Tine
(Signature)

Rel litfulahcd byl Date Tina
(Signature)

Sample
Type

L. 1*&~

I

1

I

I

/

1

V

^

( /

No. of
Containers

") , <J0î t?

1 ?J?

3 - 1?

f • •2v.<u?

f • ^T^CL'

.̂ *Jt>«J?

1 ' 3 ^

^, /^
/ tto^f
1 V T2»xtc^
/ Vt^f

N

^ \

Received byt
(Signature)

Received byt
(Signature)

Kocelved byt
(Signature)

Date

Date

Data

Tine

Tine

Time f

Job No.

Sampling Site

fJc (
A*A»

/»/•!/£

A>^//

//A ^> e

tT^-til (

Xl- l̂t-t-

/t L 0tf

/-//oo?
fifCf

1 *

^^x***^ •

Field Personnel. (Signature)

Remarks

t J<p/*
1 LI*$i?JiS\ . O rt 1 t * \f \

ko,f / xn,S^r t -f -ff

A^L-^ s
OOA

«^ /̂*^ t'o <r» 1 • ^' (f» t

//IC/L/ /j^7^'
fT"A-J ' ' fr

/Mo lz/s
^ V>A

_^

V
"•"

.

Rellnqulehed by I Date Tin* Received byt Date Tine
(Signature) (Signature)

del Inqulalied byl Date Tine Received byt Date Tine
(Signature) • (Signature)

lclln<pilalieJ byt Date Tine Received byt Date Time
(Signature) (Signature)



t_V .'A

DAMES & MOORE Cl IAIN-OF-CUSTODY RECORD

Sample Source & Cllonl f^r J>

Project Title

Date

•t
/

V

1

•

I

1

V

F7"

.Time

f (JO

f&'<&

/o-te
/3 30

/<f:3e>

/

/

/

/

Sample
I.D. No.

.// rXJ / / £)

/Mf>J / f~) &

S\(\J (O&

/KUJ (O3

,V\ (+J lOi

TP'&

s\

\\ /
\^/ '

Rellnqulalted byt Data Tina

Hel Inqulihe'd by! Date Tina
(Signature)

Re 1 livjulalicd byt Date Tlma
(Signature)

Snmplo
Type

cO't(

\

I

.[

I

/^

/

/

/

,

No. ol
Conlnlnnrs

7
7
-}
)
-)

^

V /

\ /\ /\ /
Vy

Jot) No. [<ft?y3 -OO^.

Sampling Site

\
\ /
\ /
\ 7

^ ^

•

Field Personnel. (Signature) •

Remarks

Oc<', Se*t ' /^- ̂ / L < Af^f'
'(

\

1

(L>

( )&CL • •

- \
\ /^\\ / \
^^

9

••

Received byt Date Time llellnqulalied byi Data Tlma Received byi Date. Tine
(Signature) (Signature) (Signature)

Received byi Date time Rellnqulahed byi Date Time Received byi Date Time
(Signature) (Signature) • (Signature)

Deceived byt Date Time Re 1 1 n«|ul nlied byi Date Tine Received byi Date Tine
(Signature) • (Signature) (Signature)



I I I I 1 I I I ».. J '

llg

DAMES & MOORE Cl IAIN-OF-CUSTODY RECORD

Sample Source & Client

Project Title

Dale

t/-/7

~T
/
/
/

•

|

\
V

.Time

11-00

I

1
I
1
/

/

Sample
I.D. No.

/hi* J /Of

r\
!1

\\
\N —•

Relinquished byi Data
^(Signature) /

Relinquished byi Date
(Signature)

Rel lit>|iil>hcd byi Date
(Signature)

Tina

Tina

Tina

Sample
Type

c-»_ )̂ jfy^ct

/
/

/
/

/

No. ol
Containers

T
- -

/ \

/ \

/ \

' \

\

\

\

Received byi
(Signature)

Received byi
(Signature)

*

Received byi
(Signature)

Data

Date

Date

Tine

,1'°
Tine

Time

Job No. l*y<?t/~% -oo "L

Sampling Site

— " ~~— >>

I

I

I

A

/
\ /
^_^/

.

•

Relinquished byi Data
(Slgnatura)

Relinquished byi Data
(Signature)

Ret (n>|iil elied byi Date
(Slgnatura)

Field Personnel. (Signature)

Remarks

OCX'. S&^.'t^l. XGj

Tl*"*>'ft
l*J2 \(~ *

/7*<& -T2r 5.

c fi^J
.

f -

9

Tina Received byi Date Tine
(Signature)

Tine Received byi Date Tine
(Signature)

Tina Received byt Date Time
(Signature)



I I I I I I I I I
/f

DAMES & MOORE Cl IAIN-OF-CUSTODY RECORD

Snmplo Source & Client }—&r<l

Project Tlllo Ewft rV 6^

Dale

+ t?

•i-f?
r

•

•

X~c

.Time

ttoo
ll:<Jv

^^^

ii »i

Sample
I.D. No.

/Huj/aVU.
Mut/n^F

.

,̂

^-
.̂

• — • •
•

•

Rel Inqulalied byl Data Tina

37/?k if" **-
Uel Installed byl Date Tltaa

(Signature)

He 1 1 ivjul ahcd byl Date Time
(Signature)

Sn'mplo
Typo

•

c*j«^6c»
cO« LA

^-^ "

. — • — '

.

No. ol
Containers

/

1

., '

—

j •••

Job No. ^<?«/3'OoZ

Sampling Site

.

________

•

•

Received byl Data Tine Rel Impil ahed byl Data
(Signature) (Signature)

•

Received byl Date Tine Rel Inqulalied byl Data
(Signature) (Signature)

•
* *

*

fc«fcc!vc<l hjrl Date Time ltd 1 n*|iil olieti by! Date
(Signature) • (Signature)

•

Field Personnel. (Signature) •

Remarks

-€ir &rt(.'tlfoiSc.JP

/I /i. L .».•»•••

^
_^^

• .

.

•

t

Time Received byl Date Time
(Signature)

•

Tine Received byl Date Tine
(Signature)

•

Tine Received byl Dote Tine
(Signature)



i
j
i
i
••

J APPENDIX C
Laboratory Analytical Data

I

i
1
i
i
i
D
I
H
I
I
I



M.I. i Ji i^v t-K.lij I • tun !«•«« I •( i!V» Mu.-n .1 • 11. : n i> .• OUT of HTA-ru * _•'
• I.,I..11

uu

l< Moore
I17G1 Barman Drive. Suite 34O
Saint Louis, MO 63146

Attn: Dave Purington

Work ID: Environmental
P O « :

Date Received:
Date Reported:

Work Order;
Category:

O4/18/9O
O3/O9/9O
9O-O4-333

Test

Gross Alpha

Units
MW109U

04/17/90 11:00
<2

MW109F

04/17/90 11:00
<2

DAMES ft MOORE

MAY H 1990

pCi/liter

Gross Beta
pCi/liter

Cesiwin-137
pCi/liter

Potass iun-40
pCi/liter

Radium-226
pCi/liter

Radium-228
pCi/liter

Thnrium-228
pCi/liter

Thoritim-230
pCi/liter

7f/-3 C3

1 1 . 0 0 8 C2

<5 . <5

1.5+/-1.0 (0.6

<1 <1

<0. 6 (0. 6

<0. 6 <0. 6
m

...... f I ...!.,.« .» 1... ..I •'.*..,.• !„..- - M iM*r<iMivil.ifn(H-iitrnn«V<rlim««Mfliniirni1t1H<Wll1fnill MH1i;4|1fYftV;>jiHlHli*lllMiit



. H.I I.UUX bUtal v ti

I • I

i .«tl I/! >i it*

1 '

8B BOB-BBU-BBBQ

Page
Received:

Test

Thnriwn-232

Uranium-234

Uranium-235

Uranium-238

2
04/18/90

Units

pCi/liter

pCi/liter

pCi/liter

pCi/liter

CEPi Inc. REPORT
05/09/90 16:18:30

MW109U

04/17/90 11:00
(0. 6

CO. 6

<0.6

(0.6

Certified By:

MW109F

04/17/90 11:00
<0.6

CO. 6

(0.6

(0.6

ẑ̂ r *s~
^̂ ^

Work Order 1 90-04-353
Continued From Above

.



'1

Ptte 1
itciivti. 04/13/90

ITRSL Oak RUie KPtRT
03/1B/W 19:17:24

Work OHir 1 SO-04-04?

REPORT I MORE
TD 11701 KFtVW DRIVE

PREPARED IT/RADIOLD6ICAL SCIENCES LAB.
|Y 1530 BEAR CREEK ROAD

SUITE 340
ST. LOUIS, HO 63146

DM RIDCL TN 37831

ATTEN DAVID PURINCTON ATTEN EJRS
XfeRTIFIED BY

PHK 615-4S2-7707
CLIENT DATES 5T

COMPANY DAJG 1 WORE
SAffLESJ.

CONTACT iH DILLWD

FACILITY ST. UWIS, HO
AHMED TO CORRECT UNITS AND RESULTS. IMSO AND TH-230 AND
TH-232 CUE *LSO AmO) TO COfLETE REPORT.

IPX ID MATER SAfPLE
TAKEN
TRANS

TYPE
P.O. t

INVOICE mttr tntrrti covtr

SAtFLE IDENTIFICATIONOJ.UAT TEST CODES «fl< NATES olid on this riport
CAUHA CROSS ALPHA _
CTETA CROSS BETA _

SPEC
RA-22ARA22A

RA229 RA-22S
T>g8 TH-22S
TH230 TH-230
Tffi32 TH-232
U234 U-234
UZ35 y-235/236

U-239

;vr



P*|t2
RfceivtJ:

SAJFLEB

04/13/90

HAT

WITS iCi/1
WTN 09/18/90

ITRSL Oik Rirfje
Risalti h)

, . , FMCTIOIOIA
bit t UM b

REPORT
SMtlt

TEST CODE CS _
llictitf Q4fl?m

VERIFIED

Hark

tUHC «««•ivrc JH2

IYKDF

OHir 1 SO-04-049

USPFC
catfforf

CMIM7EC RE5U.T 2-SIBW ODE)}

I
I
J
I
I
I
I
j
I
i
j
i
1

K-40
CS-137

C.B4E+2
<2.C£+1

RESU.T 2-SICm

CROSS AUW 2.27E+1 0.36E-H
WOSS BETA 4.72E+0 IITE+O
RA-22i
RA-22S
U-234
U-23S/23&
U-238
TH-230
TH-232

LlfiE<4

0.20E+1
O.OE^O
8.65E+0 l.BOE-K)
A.01E+1 O.B7E+1



Pije 1
Itciivtf:

REPORT
TO

04/13/90
ITRSL Oik RUii REPORT

05718/90 19:17:24
Work OHtr I 80-04-04?

11701 BORflAN DRUE
PREPARED !T/RADIfllP6lCAL SCIENCES \M

IY 1850 BEAR CREEK ROAD
SUITE 340
ST. LOUIS, HP taut.

OAK RIME, TN 37B31

ATTEX DAVID PURINCTCN ATTENDS
xS

WOE 615-4J&3707
CLJEMTWBST

CBf Hft DAHE5 t TORE
FACILITY ST. UUIS. HP

sums j.
CCKTACT JIM PIUJIRD

1CR* ID MATER SAffLE
TAKEN
TRANS

TYPE
P.O. I

IIWOICE mitr tuaratt covtr

SMf LE nENTIFICATION

AtPBED TO CORRECT UNITS AK) RESULTS. 1>-TSO AMP TH-230 AND
TH-ZS ynr ALSO Aiffirn TO COPLETE REPORT

TEST CODES mi MAICS ostd on this riiort
CAiPHik cross xm _
CTETA CROSS BETfc

SPEC
RA22A RA-22A
RA22S RA-22B

TH-22S
TH-230

TH232 TH-232
\E3*
\Z35 U-235/23A
UB3S 0-238



1

1

I

I
.*•

I
. M

I

Pift 2 ITRSL Oik RU|c REPORT Nerk OHcr 190-04-049
Rtciivri: 04/13/90 Rtinlts b

SAIfLE IB HAT FRACTION OJA TEST CODE CS OWE OAH1A SPEC
Batt I TiMCallictri 04/12/ro uttjori

WITS tCi/I VERIFIED IY KDF
WTN 09/18/90

CMI1A?EC RESULT 2-SIBM ODER RESULT 2-SICHA

K-40 O.B4E+2 CROSS ALPW Z27E+1 0.36E+1
CS-137 a OEM CROSS BETA 4.7Z+0 2.17E+0

RA-226 Zl&O 0.63E+0
RA-228 <6.B8E+0
U-234 1.02E+1 0.20E+1
(K235/23& O.Oe+0
U-236 &6X-K) l.BOE+0
Trt-230 6.01E+1 O.B7E+1
TH-Z2 O.OE+0



Pa|i 1
Rtciivri: 04/18/90

REPORT

ITRSL Oik RUit REPORT
05718/90 13:27:40

Itork Orl»T I SO-04-OW

TO 11701 BORHAN DRIVE
SUITE 340

PREPARED IT/RADI""tICAL SCIENCES LAB.
IY 1550 BEAR CREEK ROAD

OAK RIDCt TH 37831
ST. LDUI5. HP 63146

ATTPJ PAVID PURIMCTnN

OJEKT BAHE5 ST
COf AKY DAG V MORE
FACILITY ST. LOUIS. HO

ATTENERS
HOE MS-482-?707

8AIFLES12

/tERTlFIOBY

! OKTACT JIH PILLARB

MCflED TD INCLUDE U-TSO. 1)4-290 AND TH-ZB FDR ALL FRACHONS.

IORK ID UATER SAffLES
TAKEN
TRANS

TYPE
P.O. I

DWOICE imdtr ttgiratt covtr

SATPLE IDENTIFICATION
01 HJ110U _
OZHMllOF

045110?
05
06HM108F
07HH1P3U

09HU1W
10
Jl HK101F
12 mioiu

CAlfW CROSS
TEST CODES an! KMCS odd en tits rifort

CKTA CT05S BETA
SPEC

RA-22ARA226
RA22S RA-22B
TH22S TH-2SS

TH-230
TH-232

U234 U-234
U235 U-23S/236

u-238



I
_ r«|i 2 ITRSL Oil Ri<|t REPORT Hork Ortir 190-04-065
• Rtctivri: 04/18/90 Rtiults M 8«*li

SAMPLE ID HlllOU FRACTION OJA TEST CODE CS NAJC OAftU SPEC
Diti t TiStColliett* 04/1779Tn Cattoori HA

»Ci/l VERIFIED IY RDJ
' • WTN n/18/90

•

• CAJttASPEC RESULT 2-SIWA OMR RESULT 2-SICHA

HMO Cl.OE+2 (ROSSAUPA O.OE+0.

I CS-137 C2.&1 CROSS KTA <4.0E+0
RA-226 <1.0E+0
RA-22B O.OE40

•_ IW34 O.CE+0
• U-23S/23& aoe+o

*• 0-238 a.OE+0
TH-230 <1.0£+0
1H-232 aOE+0

WHOT

WITS BCi/1
URTN OS/ IB/90

WrtW SPEC RESULT

R-40 C.9E+2
cs-137 ace+i

FMCTIQM 02A TEST CODE CS NWC CAftlA S^C
Dit« 4 TIM CcllKl

2-SICflA OTHER

OtQSSAlPHA
OtOSSKTA
IA-224
RA-228
U-234
U-239/236
IK3B
TH-230
TH-232

Lrt 04/17/TO Citroora NA

VERIFIED BY RDJ

RESULT 2-SICHA

a.QE+0
<4.0E+0
act+0
aoE*o
O.OE+0
aoE+o
aoe+o
<1.0E+0
<1.0E+0



Pift 3 ITRSL Oik Ridjt REPORT Itork Ordir 190-04-065
Rtctivtf: 04/18/90 Ritults l| SM* 1*

D HU102U FRACTION Q3A TEST CODE CS NMC CAMA SPEC
~ t TiSrtolltcttl

WITS iCi/1 VERIFIED IY RDJ
URTN 05/18/90

CAWASPEC RESULT 2-5IGHA ODER RESULT 2-5IGHA

K-40 <1.4E+2 CROSS ALPHA G.OBE+0
CS-137 <2.0e+l CROSS BETA 7.09E+0 5.46E+0

IA-22S
U-234 L42E+0 0.39E40
V-235/236 <1.0E+0
V-238 1.30E+0 0.3BE-H)
TH-230 aoe+o
TH-232

SAffLE ID HJlQy FRACTION 04A TEST CODE K IWE CAmA SPEC
Datt It TiiTtollictrt 04/l77?C~

UNITS oCi/1 VEHIRED BY RDJ
URTN 05/16/90

CAIttt SPEC RESULT 2-SICM OTHER RESULT 2-SICNA

K-40 <l.BE+2 CROSS ALPHA <2.2i£+0
CS-137 <LOE+1 CROSS BETA <B.43E«0

RA-226 <1.0£+0
RA-Z2B aOE+0
U-234 2.40E+0 0.57E+0
U-235/236 O.OE+0
U-238 L57E+C 0.45E+0
TH-230 O.OE+0
TH-232 <



1
Page 4 ITRSL Oak RU|> REPORT Work Ortir 1 50-04-065
Rtctivttf: 04/18/90 Rnulti k| Saapli

• SWPLF 10 HUIOOJ FRACTION 05A TEST CODE CS „ «A» CAfHA SPtt
Hitt V IIM CallKtri 04/17/W Caiiion IU

• UNITS lCi/1
IfiTN 05/18/90

jl

'• CAttMSPEC RESULT 2-SIOM OMB

"* R-40 C.9E+2 WOSSAUW
CS-137 <2.0E+1 OtOSSBETA

• RA-226
"• RA-22B

U-234
• U-235/236
•| U-238

TH-230
'• TH-222

VERIFIED BY RDJ

t

RESULT 2-SIGftt

C7.50E+0
C.03E+1
O.OE+0
a.oE+o
2.20E+0 0.47E+0
<1.C€40
1.67E+0 0.40E-K)
1.57E+0 0.61E-K)
a.OE+0

SWfLf ID WIOJF FRACTION 06A TEST CODE CS H« CAWA SPEC
Ddti t TiR~Collett»d D4/l77^T" utteor»NA

UNITS lCi/I
UR7N 05/18/90

VERIFIED BY RDJ

CANM SPEC RESULT 2-SI6HA OTICR RESULT 2-siwu

K-40
CS-137

<15£ +2
<2.0E+1

8ROSSALPW <
CROSS BETA G.36E40
RA-226 aflE^C
RA-228 a.oe+o
IK34 3.57E+0
u-235/236 a.oe+o
U-ZS 2.73E+0
TH-230 a.OE+0
TH-232 a.OE+0

0.62E-K)

0.94E^O



1
1

*

PiftS HRSLOakRi^c RETORT Nerk Ortcr I SO-04-069
RectivcJ: 04/18/90 Ritults If SMpli

SAJPLE D MU103U FRACTIW OTA TEST CODE CS Mff CAfttt SPEC

1

1

1

1

Diti I TIM CallKM 04/17/90 Catiion HA

WITS iCi/1
urm os/18/90

GAmASPEC RESULT 2-SIGM ODER

MO <1.5E+2 CROSS ALPHA
CS-137 <2.0E+l CROSS BETA

RA-22i
RA-22S
U-234
U-235/236
U-238
TH-230
TH-232

VERinED BY RDJ

r

RESULT 2-SICMA

L73E+1 0.96E+1
134E+1 1.01E+1
O.OE^O
G.OE+0
1.2AE+1 0.19E-fl
a.oe+o
I.23E+1 0.19E+1
1.22E+0 0.92E-K)
aoe+o

StfFLE ID HU103F FRACTION 06A TEST CODE CS
D*t« t Ti5~tolltctrt 04/1777IP

SPEC

UNITS DCi/1
VRTN 05/18/90

VERIFIED BY RDJ

CAtHASPEC RESULT 2-SIfiW ODER RESULT 2-SICHA

K-40
CS-137

O.BE+2 CROSS ALPHA <7.00E*0
CROSS BETA <1.34E+1
RA-226 <1.0£+0
RA-22B C3.0E+0
U-234 iiOE+O

U-238
1H-230
TH-222

O.B5E+0

O.WE+0
L57E«0 0.«E*0



•

I
Pt|e&
Rtctivtd: 04/18/90

ITRSL Oik RUft REPORT
Rtultt k|

Itork WIT I SO-04-063

• fitfTLE 10 MK04U FRACTION 09A TES

J
M

1

1
•—

1

•

tetf 1 TiiTCollict

UNITS id/1
WTN 03/18/90

WfWSPEC RESULT 2-5IWA OTHER

MO O.4E+2 CROSS ALPHA
CS-137 <2.0£+1 CROSS BETA

RA-226
RA-228
U-234
U-233/236
U-238
TH-230
TH-232

T CODECS
tt 04/177

MMECAWASPEC
XT uttiori M

VERIFIED BY RW

RESULT

1.14E+1
1.B7E+1
<1.0E*0

3.80E40
O.OE+0
Z68E+0
ZOOE-K)
1.47E+0

r

2-sicm

0.74E+1
0.74EH

0.7X40

0.59E+0

0.55E+0

I

J

SWfUE ID*1MF FRACT1W IDA TEST CODE
k TiiTCollKtHJlatf

IMfCCAmASPfC

UNITS iCi/1
WTN 05/18/90

CAWASPEC RESULT 2-SIGM OTtO

VERIFIED BY RDJ

RESULT

MO
CS-137 aoe+i

CROSS ALPHA C2.0E40
GROSS BETA <B. 3E*0
RA-22& C.OE-K)
RA-228
U-234
U-33V236 C.OE40
U-238 1.10E+0
TH-230 C.OE^O
TH-232

0.35E+0



Pa|(7
Rtciivri: 04/18/90

SMPLE n>

1TRSL Oik RU|t REPORT
Rtiulti k|

FRACTIW
Datt *

A TEST OK
olhctrt 04/1

Work OHtr I SO-04-065

MMJPTJ JjA_

WITS id/1
WIN 05/18/90

VERIFIED BY RDJ

CAWASPEC RESULT 2-5ICHA ODER E5ULT 2-SICKA

K-40
CS-137

CROSS
CROSS BETA
RA-22&
RA-22B
U-234
U-235/234
U-238
TH-230
TH-232

<7.7E*0
7.52E+0
O.OE+0
O.OE+0

C.OE40
<1.0E+0
C.OE+0

A.27E40

0.31E40

SWPLE ID HU101U FRACTION 12A TEST CODE CS
i TiiTCcJlictt^

UNITS oCi/1
WTN 07/18/90

VERIFIED BY RDJ

fiAWA SPEC RESULT 2-5IGM RESULT 2-SICHA

R-40
CS-137

<1.3E+2 CROSS ALPHA <1.CC+1
CROSS BETA 2.41E+1
RA-226
M-22B
V-234
U-233/23&
U-238
TH-230

O.B4E+1
<1.0E+0
<10E*0
9.06E+0
1.37E+0
RME+0
1.02E+0 0.36E+0

TH-232 a.oe+o



I
I

Pagt 1
Rtctivtd: 04/17/90

ITR5L Dal Rldll REPORT
03718/90 16:11:46

Wort Ordir I SO-04-064

REPORT DAMES I HDORE
TO 11701 BORHAN DRIVE

PREPARED tT/RADIOLOCICAL SCIENCES US
BY 1550 BEAR CTEEX ROAD

SUITE 340 OAK R1DCE, TN 37B31
ST. LOUIS, HO A314A

ATTEM DAVID PURINCTDN ATTENDS
CERTIFIED BY

OJEKT1WG5T
COffAW DAMES I MOCTE

PACIUTY ST. LOUIS. HO

SMfLES
ONTACT JIH BIliMD

HPOED TO INCLUDE U-T50. TH-230 AMD TH-Zg OH All RtACTItHS
tfB TO CORRECT CROSS ALPHA AND CROSS BETA RESULTS FOR 05*.

WORK IDUATER SAfflES
TAKEN
TRANS

TYPE
P.O. I

INVOICE tmdfr s»aratt cover

SWf LE IOENTIFICATICM
OJ.W105U
02 HU105F
03

05 HJ107U
06 HU107F

TEST CODES and NAfCS utid on tbii riport
CALPHA CROSS ALPHA
CBETA CTOSS BETA
CS WtW SPEC
RA22J RA-226
RA228 RA-228
TH229 TH-22S
TK230 TH-230
TW33 TH-232

UB34 U-234
UB35 0-233/236
U238 U-238



I
I
I
I
I
I
I
I

Figr2
Riciivid: 04/17/90

ID miosu

ITRSL Oak Ritft REPORT
Rttulti kf Saa* le

FRACTION OJA TEST CODE
Datt fc Tiittollicttrf 04/1

Uork OHir I SO-04-OM

NAJC CAHUSPEC _

WITS lCi/1
WTN 05/18/90

CtffiASPEC RESULT 2-5ICKA OTICt

BY B)F

RESULT 2-SIWA

K-40 L45E+2 0.74W CROSS ALPW 1.69E+1 0.83E-H
C&-137 GLOe+l CROSS BETA 1.45E+1 0.91E+1

RA-226 aO&O
SA-22S CLOW)
U-234 aOE^O
U-233/236 Cl.CC+0
U-239 <1.0E+0
TH-230 <1.0e+0
TH-232 G.O&O

ID »]Q5F FRACTION 02A TEST CODE CS _ IMC Ctfttt SPEC
Datt I TiiTColltctrt 04/1S79JT" aigor; _

UNITS BCi/L
WTN 05/18/90

VERIFIED BY WF

ttffiASPEC RESULT MIWA OMB RESULT 2-5ICHA

K-40
CS-137

O.4E+2
aCC+1

CROSS ALPHA C.OlE+l
CROSS BETA 7.32E+Q 9.ME+0

JU-220 ClOE+0
U-O4 L33W
U-2397Z36 C-OE+O
U-238
TH-230
TH-232 <i.OE+0



J
1
}
1

Pagt 3 TTRSL Oak Ridje REPORT Work Oriir I SO-04-064
Rtctivftf: 04/17/90 Ritultt t| Sa*Ii

SAJFLE ID HM10&U FRACTION 03A TEST CODE « NAJC CAmA SPEC
Oati I TiSTtollictrt

WITS id/1 VERIFIED BY RDF
WTN 03/18/90

CAItMSPEC RESULT 2-5ICHA OTTO RESULT 2-SICHA

MO
CS-137

2.B3E+2 1.14E+2 GROSS AU"HA
aoe+i CROSS BETA

RA-ZZi
RA-22B
U-234
U-Z3S/23&
U-238
TH-230
W-222

1.01E+2
2.9S+1
1.41E+0
O.OE-K)
2.18E+0
O.OE+0
1.37E+0
4.45E+0
i.lZ^

0.23E42
L22E+1
0.29E-»0

0.49E40

0.38E+0
1.16E-K)
1.45E40

WITS »Ci/l VERIFIED BY MF
URTH W/16/90

CAffiASPEC RESULT 2-5I6M (me RESULT 2-SICm

H-40 C.4E+2 CROSS AiPW <
CS-137 <Z06+1 CROSS BETA <

RA-226 L05E+0 aZS+0
IA-22B C3.0E+0
V-234 1B1E+0 tt63E+0
V-239/236 <1. OE+0
U-23B 2.6X40 0.49E40
TH-230 <
Ttt-232 <

SWf LE ID miOtf FRACTION 04* TEST CODE CS NAJC CAmA SPEC
Dati I TiiTColIectH 04/16/TO Catijorg W.



J -

f
Page 4
liciivid: 04/17/90

SAJFLE PHH107U

ITRSL Oak Ridit
Rtiults

REPORT

FRACTION 03A TEST CODE K
Dati fc TiiTtoUfctid

Work Order I SO-04-064

NAME CAMA SPEC

WITS iCi/1
W7N 05/18/90

CAtfMSPEC RESULT 2-SIflM OTIER

VERIFIED BY KDF

K-40
CS-137

CROSS
CROSS BETA L77E+1
RA-22A C.OE+0
RA-228 Q.OE+0
u-234 aoe+o
U-23S/236
U-238
TH-230 <1.0E*0
TH-232 O. OEM)

RESULT 2-SIG1A

1.14E+1

11ii

SWfLE ID FRACTION 04A TEST CODE CS NMC CA»A SPEC
Date V TiStollectid 04/lS7?r"

UNITS pCi/1
URTN 05/18/90

CAfflASPEC RESULT 2-SICHA OTHER

K-40
CS-137

C1.8E+2 CROSS
CROSS ETA
RA-226

U-234
l»-235/236
U-238
TH-230
TH-232

VERIFIED BY WF

RESULT 2-5IGMA

C.01E+J

C.OE40
aow
L89W 0.39E40
<1.0E«0
L24E+0 0.34E40
O.OE+0
O.OE^O



Sciived: 04/13/90
DM RIDGE REPORT

09/31/90 15:97:35
Work Ordir I 50-09-179
Work Not Coipltti

HEPORT WC5 t MOORE
TO 11701 BORHAN DRIVE

SUITE 340
ST. LOUIS. HP 6314A

ATTEN DAVID PURINCTON

CLIENT DAg5JT__
COMPANY DAHES fc HERE
FACILITY ST. LOUIS. HO

SAMPLES

PREPARED IT/RADIOLOCICAL SCIENCES LAB.
IY 1350 BEAR CREEK ROAD

OAK RIDQE, TN 27531

ATTEN ERS
PHDNE M9-482-9707

BY

CONTACT Jffl DILLARP

« SAMPLES Bl-A AND B2-A UILL BE REPtSTED AT A LATER DATE

1

NORK ID SOIL SAffLES
TAKEN
TRANS

TYPE
P.O. I

INVOICE tmdtr stoarate cover

SAVLE IDENTIFICATION
01
22 54_

BI-A

TEST CODES and NATES used on tkii riport
CAUW CROSS ALPH»
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SPEC SPECIAL FDRH FOR REPORTINC
TH229 TH-22S
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ttork Oritr I SO-OS-179

FCRH FOR HEPORTINC
UtiiCTTi

PARAMETER RESULT 9-SIGHA ERROR UNITS

CROSS ALPHA 4.10E+3 0.8X^3 pCi/|
CROSS BETA 6.Z7E+2 L29E+2 |Ci/|
RA-22A B.75E+1 JI.47E+1 |Ci/|
RA-228 C. 1£E4 >Ci/j
TH-ISO §
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JtmXMOHT

ARSZHXC

BERYLLIUM

CADMXUH
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COPPER

UAD
HTRCtrRT

•I OKI,
SZX.VER

SZIKMZOM

TUOLZDM

IIMC

PAJUMTXER

CTANIDE

lln« Zad. Drii

NO (3146

OTITS

(OG/L)

(UG/L)

(OG/L)

(VC/L)
(DC/I)

(CG/X.)

(OG/L)
<OG/L)
(OC/L)

(UC/L)
(UG/L)
(UG/L)
(UG/L)

OMITS

(OG/X.)

'•

MMIOI

< 24
3.1

< 3
< 3
< 10
< 14
< 73
0.48
< 15
1.1
1.3
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< 16
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OXXHTt Mr. D*T« Puringtou
Oamai C Moor*

ttOJ. »* 3300-00385

KZVORT DAZSt Hay 10, 1990
BAZX XICZZVXDi April 18, 1990

P.O. »1

UlTICl'lOH
MLMMRZR

LXHDAHZ

BXJTXCHLOR .

BZPX&CBLOR ZPOXIDB

WDOSOL7AN X

BXZLDRIM

EHBOSOXTAH XX

4,4'-DDT

IKDRIH ALDEHYDE

MBTBOZTCELOR

alpha-BBC

beta-BHC
delta-BBC
gaama-CHLORBAHS
alpha-CHLORBAHE
4,4'-DOE

ZNDRXH

4,4'-DOO

CHDOSDLPAM SDLTATZ

IKDRIH 1BTONB

AROCLOR-1016

AROCLOR-1260

AROCLOR-1221

AROCLOR-1232

AROCLOR-1242

AROCLOR-1254
AftOCXOR-1243

ALBRIM

SOZAPB2H2

PARAMETER BHITS

2,4-0 (OG/L)
8XLVEZ (DC/L)

OHIT3

(OG/L)
(OG/L)
(OG/L)
(OC/L)
(OC/L)
(OG/L)
(OG/L)
(OG/L)
(OG/L)
(OG/L)
(OG/L)
(OG/L)
(OC/L)
(DC/L)
(OC/L)
(OG/L)
(OC/L)
(OC/L)
(OC/L)
(OG/L)
(OC/L)
(OG/L)
(OG/L)
|BC/r?
(OG/L)
(OG/L)
(OG/L)
(DC/L)

BKBCXXOH
LIMITS

0.745
0.197

UMXXS

0.002
9.003
0.004
0.005
0.006
0.010
0.015
0.024
0.063
0.002
0.005
0.001
0.003
0.003
0.006
0.016
0.011
0.022
0.019
0.047
0.187
0.107
0.083
0.044
0.054
O.C94.
0.003
0.205

Buunc

<0.743
<0.197

BXAHX

<0.002
. <0.003
<0.004
<0.005
<0.006
<0.010
<0.01S
<0.024
<0.063
<0.002
<0.005
<0.001
<0.003
<0.003
<0.006
<0.016
<0.011
<0.022
<0.019
<0.047
<0.187
<0.107
<0.083
O.044
<0.01*
<0.094
<0.003
<0.205

MW109

<0.745
<0.197

MH109 :

<0.002
<0.003
<0.004
<O.OOS
<0.006
<0.010
<0.015
<0.024
<0.0(3
<0.002
<O.OOS
<o.ooi
<0.003
<0.003
<0.006
<0.016
<0.011
<0.022
<0.019
<0.047
<0.187
<0.107
<0.083
<0.044
<0.054
<0.094
<0.003
<0.205

MW109
BOVUCAZB

<0.745
<0.197

1

MW109
DOPLXCAH

<0.002
<0.003
<0.004
<0.005
<0.006
<0.010
<0.015
<0.024
<0.063
<0.002
<O.OOS
<0.001
<0.003
<0.003
<0.006
<0.016
<0.011
<0.022
<0.019
<0.047
<0.187
40.107
<0.083
<0.044
<0.054
<0.094
<0.003
<0.205
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BXNZZHB

BROMOOICHUOROKEIHAKZ

BROHOfORM

BROMOK8THAHB

CARBON TETRACHLORIDB

CHLOROBEHZENB

CHLOROZTHANE

J-CHLOROETHYL VZVTZ. CTHER

CBLOROrORH

CHLOROMZTHANB

DIBROMOCHLOROKETHANZ

1 , 1-DICHLORZTHANE

1 , 2-DICHLOROETHANZ

1 , 1-DICHlOROETHZNE

TOTAL 1,2-DICHLOROETHENI

1,2-DICHLOROPROPANE

CIS- 1 , 3-DJCHLOROPROPtSB

XTHTL BZKZZKE

METBTLZm CHLORIDE

1,1,2, 2-TZTRACHLOROETHANB

TZTRACHLOROBTHTX2KZ

XOLUBHZ

1,1, 1-IR1CHLOROZTHAKE

1,1, 2-TRICHLOROBTHAHE

IRICHLOROZTHZNE

TZHTZ. CHLORIDE

LZMZT

(UC/1)

100
100

5

5

5

10

5

5
10

S

s
10

s
5

S

9

5
5

S

5

S

S
s
s
s
5

5
10

BZABX

(QG/Z.)

BD
BD
BD

BD

BD

BD

BD

BD

BD

BD

BD

BD

BD

BD

BD

BD

BD
BD

XD

BD

BD

BD

BD
BD

BD
BD

BD

BD

KM109

(TC/Z.)

BD
BD
BD

BD

BD

BD

BD

BD

BD

BD

BD

BD

BD

<
BD

BD

BD

BD

BD

BD

BO

BD

BD
BD

BD

BD
BD

B9

SURROCATX COMPOUNDS

1,2-DXCHZAROSTBAHZ-D4

1OLUZ5X-DB

P-BFB
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CTiTTHfTt Mr. Dav« Purington

D*M* C Moor*

*ROJ. It 3500-00385

npoet
BAXB UCXZVZOi

9.0, It

HBT i", i»»o
April It, 1990

1

1

I

1

ACXD COMPOUNDS

2-CBLOROPKENOL

2,4-DZOBJOROPHZNOL
2,4-DZKrrBTLPBXHOL
2,4-DZSZSSOPHZHOZ,
2-BZTROPBEHOL
4-RZTItOPBZHOL
WHTACHLOROPHZUOt

PHENOL
2,4, «-TJUCELOROPHBNOL

2-KKTHTL-4, S-DZHZTROPHENOL
4-CHLORO-3-KZTHTLPHENOL

SORROGATB COMPOUNDS

2-flDOROPHZHOL

VHENOL-dS

2,4,(-TRZBROMOPXENOL

^Below QC limit*

fliaaCHOH
LZMIT BLkHX

(OC/L) (OC/L)

mn.09 HOP
(OC/L) (OC/L)

10
10

10

50

10

SO
50

10
10

so
10

HD

BD

BD
BD

HD
BD
HD

BD
BD

BD

BD

no
BD

BD'
no
DO
TO

HD

BD

HD

KD
HD

BD

BD
BD

BD

BD
BD

BD

BD

HD

BD

BD

RCVRY

48

34

CO

RCVRT

4»
2«
7«

J

I

I

I

I

I
* ^

I

BASK ROTRAI.

COMPOUNDS

'ACZHAPHTHZN1

ACZHAPBTHTLZHB
AHTHRACZNB '

BZHZZDZHB
BZHZ(A)AHTHRACZHB

BBHZO(B,X)7ZBORAHTHENZ

BBBZO(GBZ)PZRTLZKB

BZ5 (2—OBOROITHOXT) MBTHAHB
BZ5 (2-CHLOROXTHH)STBBR
BIS(2-CELOROISOPftOPTl,)ZTHBR
BZS(2-lTHILHtrTL)PHTHALAIZ

ozncxzoH
LIMIT

(OC/L)

10

10
10

50

10

10

10

10

10
10

10
10

BZAHX

(OC/L)

BD

BD

BD
BD

BD

BD
BD

BD

BD
BD

BD
< DL

KH109

(OC/L)

BD

BD

BD

BD

BD

BD
BD

BD

BD
BD

BD
BD

KW109

DTTP

(OC/L)

BD

BD

BD
BD

BD

BD

BD

BD

BD
BD

BD
14
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CTTTHTi Mr. D«T« Puriagton
Bam* t Moora

PROJ. ft 3500-00385

BBPORZ BAZBi JUT 10, 1990
BAXB BXCZXVXDi April IB, 1990

P.O. It

IHTICTIOH

BAS1 BZUTRAX. COMPOUNDS
COHTD.

4-BROMOPBZHTL PBZtTTL 1TBBR
BOTTL BZ1IZTX. PHTHA1A3Z
2-CBLOROBAPBTBAXZNZ
4-CHLOROPHEHT1 PHZMT1 ZTSZR

CHRXSXRB
BXBZHZO ( A , B ) AHTBRACZNZ
DI-H-BUTTL PHTBAIAIB

1 . 2-DXCHLOROBEHZZHl
1 , 3-DXCBLOROBZNZZHZ
1 , 4-DXCHLOROBZHZZHK
3,3'-DICHLOROBSNZIDIH2

BXZTBTL PBTRXIATB
BXKBTETL PBTSAXAXB

2 , 4-DXHXTR070Z.OENB
2 , C-DXNXTROTOtUZNE

DI-H-OCXn. PHTHALXTB
1 , 2-DIPHEKTLHYDRA2IKB
DI-N-PROPrLHITROSAKIHZ

TLOORAKTHEKZ
IXDORZKI
•»ririrr/«OB»«Tr»nt

BBZACELOROBniADXZNB

BZXACELOROCTCLOPEHTADXZHB
BZZXCaXOROKTBANZ

XBDZHO ( 1 , 2 , 3-CO ) PTRZHZ
XSOPHORONB

BAPBTBAX2NZ
BXTROBKHZZHB
B-BXStOSODXKZTHTLAHXlIK

B-BX7ItOSODXPBEtfTLAHXHK

PEBKABTBRZm
PTRZHK
1 , 2 , 4-TflTnTT/>P<?fl?J'TFW1*

STOSOCXI1 COMPOUNDS

BXTROBZXZZHB-d5
2-nOOROBIPHEKTI.

XBRPB£B7Z>-dl4

IXMXT
(DG/X,)

10
10
10

10

10
10
10
10
10
10
20
10
10
10
10
10
10
10
10
10
10
10
10
10

10
10

10
10
10
10
10
10
10

BXABX

(OS/1)

BD
BD
BD
BD
BD
BD

BD

BD

BD

BD
BD

BO

BD

BD

BD

BD

BD

BD
BD

BD

BD

BD

BD
BD

BD
BD

BD

BD

BD

BD
BD
BD
BD

*
BCVRY

79
(2

79

BH109

(WS/L)

BD
BD
BD
BD .

BD
BD
BD
BD

BD
BD

BD
KD.
BD
BD
BD
BD
BD
BD
BD

BD

BD
BO

BD
BD

BD
BD
BD
BD
BD
BD
BD

BD
BD

»
BC7RX

57
48
(3

MW109 ,

BOP
(OC/L)

BD
BO
BD
BD
BD
BD
BD
BD

BD

BD
BD

BD

BD
BD
BD

BD

BD
BD
BD
BD
BD
BD
BD
BD
BD
BD
BD
BD
BD
BD
BD

BD
BD

%
BC7RT

81
71
84
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Table IB

SUMMARY OF GAMMA RADIATION FIELD MEASUREMENTS
FOR FORD, EARTH CITY RADIOLOGICAL SURVEY

EARTH CITY, MISSOURI

NORTHWEST GRID

MICROREM/HOUR AT 1 METER, AND 1 CM ABOVE GROUND SURFACE

WWWW1

(N&S)
S17
S16
S15
SU
S13
S12
S11
S10
S9
SB
S7
S6
SS
SA
S3
S2
S1
SO
NO
HA
N2
N3
N4
NS
N6
N7
N8
V9
N10
NII
N12
N13
NU

VWWWWWWW1

PHASE
AR1

5,6
5,6
5,5
5,6
5,7
6.6
6,5
6,6
6,5
5,5
6,7
7,7
6,7
5.6
6.6
S/B

rwwwwwwwi

SURVEY
•A

6.7
7.6
7,7
6.7
7.7
6,8
8,6
6,6
7,8
6,6
«,7
7,7
7,7
6,7
8,6
S/B

LAGOON
LAGOON
LAGOON
LAGOOK
LAGOON
LAGOON
LAGOON
LAGOON
LAGOON
LAGOON
LAGOON
LAGOON
LAGOON
LAGOON
LAGOON
LAGOON
LAGOON

UGOON
LAGOON
LAGOON
LAGOON
LAGOON
LAGOON
LAGOON
LAGOON
LAGOON
LACDOH
LAGOON
LAGOON
UGOON
UGOON

r»w«»»««i

PHASE 1
Ml

7,6
6,6
7,7
5,7
6,6
6,5
7,7
7.7
6,6
7,7
7.7
5,6
5,5
5,5
7,7
S/B

Mr*ww*wwi

I SURVEY
•A

6,5
6,5
7,7
6,7
5,5
6,5
5,5
6,6
4,7
7,7
6,5
6.6
7,8
6,7
7,7
S/B

rwwwvwwi

6,5
5,5
6,6
6,7
6,6
6,6
5,5
5,5
5,5
6,6
7,6
6,7
7,8
7,6
5,6
6,5
7,6
5,6
8.6
7,6
7,7
7,6
6,6
6,5
7,7
6,8
7.6
6,6
7,7
7,6
5.5
6,6
7.6
S/B

MMTWWWV4

6.6
7,7
.6
.5
,5
.6
.7
,6
,6
,6
.6
.6
7,6
7,7
7,7
7.7
7.6
6.5
6.7
6,6
6,7
7,6
6,7
7,8
5,5
6,6
5,6
6,5
5.6
7.7
7.8
5.5
6,6
S/B

r »««**• t

5.5
6.6
5.7
6.6
5,5
5,6
5,5
5,5
6,7
5,6
6,7
6,6
6,6
6.7
5,6
5.5
7.7
6,7
S/B
S/B
S/B
S/B
S/B
S/B
S/B
S/B
S/B
S/B
S/B
S/B
S/B
S/B
S/B

r»«

S/B
S/B
S/B
S/B
S/B
S/B
S/B
S/B
S/B
S/B
S/B
S/B
S/B
S/B
S/B
S/B
S/B
S/B
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Table 1C
SUMMARY OF GAMMA RADIATION FIELD MEASUREMENTS

FOR FORD, EARTH CITY RADIOLOGICAL SURVEY
EARTH CITY, MISSOURI

WESTERN GRID

MICROREM/HOUR AT 1 METER, AND 1 CM ABOVE GROUND SURFACE

(E&U> WO U15 U25 W36 U46
wwwmwww

(NiS)
NO
N1
N2
N3
N4
N5
N6
N7
N8
N9
N10
N11
N12
N13
N14
N15
N16
N17
N18
N19
N20
N21
N22
N23
N24
N25
N26
N27
N28
N29
N30
N31
N32
N33
N34
N35
N36
W37
N38
N39
N40
N41
N42
N43
N44
N45
N46
N47
N48
N49
N50
N51
N52
N53
N54
N55

vwwwtrwww

5,5
5,5
5,5
6.6
6,6
5.5
6.5
5,5
5,6
5,5
5,5
6,6
5,5
4,5
4.4
5.6
6.6
6,5
6.6
6.6
5,6
5.6
5,5
6,5
5,6
5,5
6,5
5,5
4,4
4.5
6.5
5.5
5.6
5,5
5,4
4,4
4,4
5,5
4,4
5,4
6,6
5,6
4.5
4.5
5,5
5,5
4,5
5,5
5,5
6,5
5,5
6,6
6,5
6,5
5,4
5,5
S/B

mmmmmmww

,5
,5
,6
,5
,6
7.6
6.5
5.5
6,5
7,6
6,6
7,6
6,6
6,6
7.7
7,6
6,5
6,6
7.6
8,7
6.5
6,5
6,6
7,7
8,7
5,5
6,6
7,7
6,6
5,5
6.6
6,6
7.
7,
6,
7,
6,
7,
5,5
6,6
7,6
,5
,5
.5
.5
.6
.7
,6
,7
,6
,5

5.5
6,5
5,5
7,7
6,6
S/B

LAGOON
LAGOON
LAGOON
LAGOON
LAGOON
LAGOON
LAGOON
LAGOON
LAGOON
LAGOON
LAGOON
LAGOON
LAGOON
LAGOON
LAGOON
LAGOON
LAGOON
LAGOON
LAGOON
LAGOON
LAGOON
LAGOON
LAGOON
LAGOON
LAGOON
LAGOON
LAGOON
LAGOON
LAGOON
LAGOON
LAGOON
LAGOON
LAGOON
LAGOON
LAGOON
LAGOON
LAGOON
LAGOON
LAGOON
LAGOON
LAGOON
LAGOON
LAGOON
LAGOON
LAGOON
LAGOON
LAGOON
LAGOON
LAGOON
LAGOON
LAGOON
LAGOON
LAGOON
LAGOON
LAGOON
LAGOON
S/B

5,5
6.7
5.5
7.6
6.5
5.5
5.5
7.7
7,8
5,6
5,7
6,7
7,7
7,6
5,6
6.6
5,6
5.5
7.6
6,7
7,6
5,6
5,6
5,5
5,5
5,5
5,5
8,7
7.6
6.6
7.6
7,6
6.6
6,6
7,7
6.6
7.7
6.6
6.7
8,6
7,7
6,6
7,6
6.6
7.8
7,6
6,5
6.7
6,5
7,7
6.5
7,7
7,7
7,6
7.7
5,5
S/B

vwwwwwwv

7,6
6,5
6,7
7,7
5,5
7,6
8,7
7.6
7.7
6,7
7,8
6.7
5.5
5,6
5,5
6.5
7.6
6.5
5.5
5,5
5.6
7,8
6,6
6,7
7,6
6,6
7,7
6,6
7,7
7,6
6.7
7.6
7.7
6.7
5.5
7.7
5,5
6.7
5,5
6,7
5,6
6,6
5,5
6,7
5,5
7,6
6,6
6,5
7.7
6.5
6,6
7.6
6.6
7.6
5,5
5.6
S/B

S/B
S/B
S/B
S/B
S/B
S/B
S/B
S/B
S/B
S/B
S/B
S/B
S/B
S/B
S/B
S/B
S/B
S/B
S/B
S/B
S/B
S/B
S/B
S/8
S/B
S/B
S/B
S/B
S/B
S/B
S/B
S/B
S/B
S/B
S/B
S/B
S/B
S/B
S/B
S/B
S/B
S/8
S/B
S/B
S/B
S/B
S/B
S/B
S/B
S/B
S/B
S/B
S/B
S/B
S/B
S/B
S/B



Table 2
Volumes fi Preservatives
Soil & Sediment Samples

Parameters

TPH

Semivolatiles
Pesticides
Herbicides

Metals
Cyanide

Radiologic

No.

1

1

1

1

Size

100 ml

500 ml

200 ml

500 gram

Type

glass

glass

polyethylene

plastic bag

Preserv

none

none

none

none



Table 3
Organic & Inorganic Data Summary

Soil Samples

Parameter

TFH

TPH - Misc

Semivolatiles

Benzole Acid

2 -Me thy Inaphtha 1 ene

Phenanthrene

Di-n-butylphthalate

Fluoranthrene

Pyrene

Butylbenzylphthalate

Bis (2-Ethylhexyl) phthalate

Pesticides/PCBs

Herbicides

Metals

Arsenic

Lead

Mercury

Selenium

Thallium

Antimony

Beryllium

Cadmium

Chromium

Copper

Nickel

Silver

Zinc

cyanide

Units

mg/kg

mg/kg

ug/kg

ug/kg

ug/kg

ug/kg

ug/kg

ug/kg

ug/kg

ug/kg

ug/kg

ug/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

ug/kg

BKG

ND

14.9

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

5.8

17.4

ND

ND

ND

6.9

ND

1.1

14.5

24.0

18.0

ND

61.6

ND

COMP1

ND

5.1

ND

ND

ND

ND

30

30

ND

ND

ND

ND

5.89

13.6

ND

ND

ND

ND

ND

ND

18.1

22.8

18.3

ND

62.4

ND

COMP2

ND

5.1

30

10

30

50

50

30

ND

ND

ND

ND

7.41

15.9

ND

ND

ND

7.4

ND

ND

15.5

25.0

19.2

ND

57.4

ND
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SOUTHWEST LABORATORY OF OKLAHOMA, INC.
1700 W. Albany . Suite "C" . Broken Arrow, Oklahoma 74012 . 918-251-2858

•JlENT: DAMES & MOORE REPORT: 2388.04H
-i 11701 BORMAN DRIVE, SUITE 340
!• ST. LOUIS, MO 63146 DATE: 05-07-90
""• ATTN: DAVID PURINGTON

SAMPLE MATRIX: WATER
SWLD # 23BB.04
DATE SUBMITTED: 04-17-90
DATE EXTRACTED: 04-27-90
DATE ANALYZED: 05-02-90
METHOD REFERENCE: SW846-B150, EPA METHODOLOGY
PROJECT: 19943 - 002; FORD EARTH CITY
SAMPLE ID: MW107

RESULTS REPORTED IN ug/L OR Parts Per Billion

DET.
HERBICIDES LIMIT. RESULTS

2,4-D 1.0 ND
2,4,5-TP (SILVEX) 0.2 ND

QA/QC SURROGATE RECOVERY

2,4,5-T (10-98) 89V.

=.NOT DETECTED ABOVE QUANTITATION LIMIT
= ESTIMATED VALUE: CONCENTRATION BELOW LIMIT OF QUANTITATION
= ANALYTE DETECTED IN BLANK AS WELL AS SAMPLE
= SURROGATE RECOVERY OUTSIDE OF QC LIMITS



U JL AJ. T T JUvJ A l~irtJLJ V-flVrtlJ. \JS\ JL WIT

;700 JK Albany'* Suite "C* • Broken Arrow, Oklahoma 74012 . 918-251-2858

DAhES & MOORE
11701 BORMAN DRIVE, SUITE 340
ST. LOUIS, MO 63146
ATTN: DAVID PURINGTON

SAMPLE MATRIX: WATER
SULO » 2388.04
DATE SUBMITTED: 04-17-90
DATE EXTRACTED: 04-17-90
DATE ANALYZED : 05-02-90
METHOD REFERENCE: SW846-8080, EPA METHODOLOGY
SAMPLE ID: MU107

REPORT: 2388. 04P

DATE: 05-07-90

RESULTS REPORTED IN ug/L OR Parts Per Billion (PPB)

PESTICIDES/PCS' S

ALPHA-BHC
BETA-BHC
DELTA-BHC
GAMMA-BHC(LINDANE)
HEPTACHLOR
ALDRIN
HEPTACHLOR EPOXIDE
ENDOSULFAN I
DIELDRIN
4,4-DDE
ENDRIN
ENDOSULFAN II
4,4-DDD
ENDOSULFAN SULFATE
4,4-DDT
METHOXYCHLOR
ENDRIN KETONE
ALPHA-CHLORDANE
GAMMA-CHLORDANE
TOXAPHENE
AROCHLOR-1016
AROCHLOR-1221
AROCHLOR-1232
AROCHLOR-1242
AROCHLOR-1248
AROCHLOR-1254
AROCHLOR-1260

DETECTION LIMIT

0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.1
0.
0.
0.
0.
0.1
0.1
0.5
0.1
0.5
0.5
1.0
0.5
0.5
0.5
0.5
0.5
1.0
1.0

RESULTS

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

OA/QC SURROGATE RECOVERIES

DIBUTYLCHLORENDATE (24-154) 6B'i

ND = NOT DETECTED ABOVE QUANTITATION LIMIT
J = ESTIMATED VALUE: CONCENTRATION BELOU LIMIT OF QUANTITATION
B = ANALYTE DETECTED IN BLANK AS WELL AS SAMPLE
* = SURROGATE RECOVERY OUTSIDE OF QC LIMITS



SOUTHWEST LABORATORY OF OKLAHOMA, INC.
1700 W. Albany . Suite "C" . Broken Arrow, Oklahoma 74012 . 918-251-2858

DAI1ES 4 MOORE
11701 BORMAN DRIVE, SUITE 340
ST. LOUIS, MO 63146
ATTN: DAVID PURINGTON

SAMPLE MATRIX; WATER
SULO tt 2388.04
DATE SUBMITTED: 04-17-90
DATE ANALYZED : 04-18-90
METHOD REFERENCE: SU846-8240, EPA METHODOLOGY
PROJECT: 19943 - 002; FORD EARTH CITY
SAMPLE ID: MU107

REPORT: 2388.04V

DATE: 05-07-90

RESULTS REPORTED IN ug/L OR Parts Per Billion (PPB)

-1LATILES

I

DET.
LIMIT RESULTS

oROMETHAKiE
iSQMQMETHAME

IYL CHLORIDE

CHLORIDE
"ZETONE
_B:BON DISULFIDE
1^-DICHLOROETHENE
2-1-DICHLOROETHANE
»NS-1 ,2-DICHLORQETHENE

AOROFORM
1,,2-DICHLOROETHANE

' rtUTANONE
,M., l-TRICHLOROETHANE
CSRBON TETRACHLORIDE»YL ACETATE

MODICHLOROMETHANE

10
10
10
10
5
10
5
5
5
5
5
5
10
5
5
10
5

ND
ND
ND
ND

16

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

B
J

VOLATILES

1,1,2,2-TETRACHLOROETHANE
1,2-DICHLOROPROPANE
TRANS-1,3-DICHLOROPROPENE
TMCHLORCETHENE
DIBR0110CHLORODETHANE
1,1,2-TRICHLOROETHANE
BENZENE
CIS-1,3-DICHLOROPROPENE
2-CHLOROETHYLVINYLETHER
BROMOFORM
2-HEXANONE
4-METHYL-2-PENTANONE
TETRACHLOROETHENE
TOLUENE
CHLOROKENZENE
ETHYLBENZENE
STYRENE
TOTAL XYLENE3

DET.
LIMIT RESULTS

5
5
5
5
5
5
5
5
10
5
10
10
5
5
5
5
5
5

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

I

6A/QC SURROGATE RECOVERIES

UENE-d8(38-110) 96V. BROMOFLUOROBENZEME(86-115) l,2-DICHLOROETHANE-d4(76-114) 100?:

*

I

I

NOT DETECTED ABOVE QUANTITATION LIMIT
ESTIMATED VALUE: CONCENTRATION BELOW LIMIT OF QUANTITATION
ANALYTE DETECTED IN BLANK AS WELL AS SAMPLE
SURROGATE RECOVERY OUTSIDE OF QC LIMITS



J IXlYYUlO JL J-i/VUV-fJCVrt..!. WJLVJL V/JL WJLVJL-tT-VJLJ.WlTJU-X, Ail

J700 W. X/bony . Suite "C . BroJken Xmw, Oklahoma 74012 . 918-251-2858

JtES 4 MOORE
1M1 BORI1AN DRIVE, SUITE 340
JLOUIS. nO 63146
Rl: DAVID PURINGTON

JLE MATRIX: WATER '
It 2388.04

JTHOD REF.: sus46-827o, EPA METHODOLOGY

?ECT: 19943 - 002; FORD EARTH CITY
LE ID: MW107

[VOLATILE!

(2-CHLOROETHYL)ETHER
HLOROPHENOL
5-DICHLOROBENZENE
-DICHLOROBENZENE
[YL ALCOHOL
'-DICHLOROBENZENE
•THYLPHENOL

DET. RESULTS
LIMIT (uo/L)

10
10
10
10
10
10
10
10

|(2-CHLOROISOPROPYL)ETHER 10
1ETHYLPHENOL 10

[TROSO-DI-n-PROPYLAPIINE 10
MZHLOROETHANE 10
iOBENZENE 10

JPHORONE 10
TROPHENOL 10
-DIHETHYLF'HENOL 10

JZOIC ACID 50
|(2-CHLQROETHOXY)METHANE 10
I-DICHLOROFHENOL ' 10
!,4-TRICHLOROBENZENE 10
JHTHALENE 10
(HLOROANILINE 10
IACHLOROBUTADIENE 10

ICHLORO-S-METHYLPHENOL 10
lETHYLNAPHTHALENE 10
IACHLOROCYCLOPENTADIENE 10

14,6-TRICHLOROPHENOL 10
|,5-TRICHL'OROPHENOL 50
IHLORONAPHTHALENE 10
WTROANILINE 50

ITIETHYLPHTHALATE 10
INAPHTHYLENE 10

UITROANILINE 50

KID
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

REPORT: 2388.04B

DATE: 05-07-90

DATE SUBMITTED: 04-17-90
DATE EXTRACTED: 04-26-90
DATE ANALYZED : 05-01-90

SEMIVOLATILE5

ACENAPHTHENE
2,4-DINITROPHENOL
4-NITROPHENOL
DIBENZOFURAN
2.4-DINITROTOLUENE
2,6-DINITROTOLUENE
DIETHYLPHTHALATE
4-CHLOROPHENYL-PHENYLETHER
FLUORENE
4-NITROANILINE
4,6-DINITRO 2-METHYLPHENOL
N-NITR050DIPHENYLAMINE(1)
4-BROI10PHENYL-PHENYLETHER
HEXACHLOROBENZENE
PENTACHLOROPHENOL
PHENANTHRENE
ANTHRACENE
DI-N-BUTYLPHTHALATE
FLUORANTHENE
f'YRENE
BUTYLBENZYLF'HTHALATE
3,3-DICHLOROBENZIDINE
BENZOCA)ANTHRACENE
BIS(2-ETHYLHEXYL)PHTHALATE
CHRYSENE
DI-N-OCTYL PHTHALATE
BENZO(B)FLUORANTHENE
BENZO(K)FLUORANTHENE
BENZO(A)PYRENE
INDENO(1,2,3-CD)PYRENE
DIBENZ(A,H)ANTHRACENE
BENZO(G,H,I)PERYLENE

DET. RESULTS
LIMIT (ua/Ll

10
50
50
10
10
10
10
10
10
50
50
10
10
10
10
10
10
10
10
10
10
20
10
10
10
10
10
10
10
10
10
10

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

lJROBENZENE-d5(35-114) 82:;
fNOL-d5 (10-94) 59::

•̂H

1

0 A/QC_SURROG ATE._RECOVER lES

2-FLUOROBIPHENYL(43-116) 68::
2-FLUOROPHENOL (21-100) -29?:

TERF'HENYL-dl4 (33-141)
2,4,6-TRIBROnOFHENOL(10-123)

89:

« NOT DETECTED ABOVE QUANTITATION LIMIT
= ESTIMATED VALUE: CONCENTRATION BELOW LIMIT OF QUANTITATION
= ANftl.YTE DETECTED IN BLANK A3 WELL AS 3AP1PLE

;^rE RF.COVESY (3UT5IDE OF LlC LIMITS
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1700 W. Albany . Suite "C" . Broken Arrow, Oklahoma 74012 . 918-251-2858

IT: DAHES & MOORE
11701 BORMAN DRIVE, SUITE 340
ST. LOUIS, HO 63146
ATTN: DAVID PURINGTON

SAMPLE MATRIX: WATER
SWLO tt 2388.05
DATE SUBMITTED: 04-17-90
DATE ANALYZED : 04-18-90
METHOD REFERENCE: SU846-B240, EPA METHODOLOGY
PROJECT: 19943 - 002; FORD EARTH CITY
SAMPLE ID: TR-1

RESULTS REPORTED IN ug/L OR Parts Per Billion (PPB)

REPORT: 2388.05V

DATE: 05-07-90

1LMILES
DET.
LIMIT RESULTS

It
'

JOMETHAWE
^•METHANE
}« CHLORIDE
JLcmOETHANE
"•LENE CHLORIDE

JIBON DISULFIDE

LlBlCHLOROETHANE
Î3s-i-l,2-DICHLOROETHENE

IOFORM
,.^.ICHLOROETHANE

ANONE
,1-TRICHLOROETHANE

ARB3N TETRACHLORIDE
Hm- ACETATE
PMODICHLOROMETHANE
If

JMO

I

=-'JfcNE-d8(B3-110)

10
10
10
10
5
10
5
5
5
5
5
5
10
5
5
10
5

ND
ND
ND
ND

2 J
ND
ND
ND
ND
ND

6 B
ND
ND
ND
ND
ND
ND

BA/QC

1,1,2, 2-TETRACHLOROETHANE
1,2-DICHLOROPROPANE
TRANS-1 ,3-DICHLOROPROPENE
TRICHLOROETHENE
DIBROMOCHLOROMETHANE
1,1,2-TRICHLOROETHANE
BENZENE
CI3-1,3-DICHLOROPROPENE
2-CHLOROETHYLVINYLETHER
BROMOFORM
2-HEXANONE
4-nETHrL-2-PENTANONE
TETRACHLOROETHENE
TOLUENE
CHLOROBENZENE
ETHYLBENZENE
STYRENE
TOTAL XYLENES

SURROGATE RECOVERIES

DET.
LIMIT RESULTS

5
5
5
5
5
5
5
5
10
5
10
10
5
5
5
5
5
5

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

r,i BROMOFLUOROBENZENE(86-115) 93:-: l,2-DICHLOROETHANE-d4(76-114) 102?;

NOT DETECTED ABOVE QUANTITATION LIMIT
:= ESTIMATED VALUE: CONCENTRATION BELOW LIMIT OF QUANTITATION

-ij ANALYTE DETECTED IN BLANK AS WELL AS SAMPLE
SURROGATE RECOVERY OUTSIDE OF GC LIMITS



1 SOUTHWEST LABORATORY OF OKLAHOMA, INC.
_L 1700 W. Albany . Suite "C" . Broken Arrow, Oklahoma 74012 . 918-251-2858

DAMES & MOORE
11701 Borman Drive
St. Louis. Missouri 63149

SWT.Q IDENTIFICATION

ANALYTICAL REPORT

REPORT: G2705

•SAMPLE NO. : 2388.01 -
DATE RECEIVED: 04/17/90

«

-

"I DESCRIPTION

METHOD BLANK 04/25/90
-i METHOD BLANK 04/25/90
1 METHOD BLANK 04/25/90
"•METHOD BLANK 04/25/90
•METHOD BLANK 04/25/90
1 METHOD BLANK 04/25/90
-•METHOD BLANK 04/25/90
•METHOD BLANK 04/25/90
IBLANK SPIKE 04/25/90
"•BLANK SPIKE 04/25/90
.. BLANK SPIKE 04/25/90
IBLANK SPIKE 04/25/90
• BLANK SPIKE 04/25/90
•BLANK SPIKE 04/25/90
") BLANK SPIKE 04/25/90
•BLANK SPIKE 04/25/30
--MATRIX SPIKE MW105
^MARTIX SPIKE MW105
••MATRIX SPIKE MWIOS
MATRIX SPIKE MW105

' ̂MATRIX SPIKE MW105
•MATRIX SPIKE MWIOS
•MATRIX SPIKE MWIOS
•-MATRIX SPIKE MW105

• ̂ DUPLICATE MWIOI
„ DUPLICATE MW101
^DUPLICATE MW101

. (DUPLICATE MW101
•DUPLICATE MWIOI
--DUPLICATE MWIOI
•DUPLICATE MWIOI

•• BDUPLCATE MWIOI

2388.05

QA/QC

PARAMETER

ANTIMONY
BERYLLIUM
CADMIUM
CHROMIUM
COPPER
NICKEL
SILVER
ZINC

ANTIMONY
BERYLLIUM
CADMIUM
CHROMIUM
COPPER
NICKEL
SILVER
ZINC

ANTIMONY
BERYLLIUM
CADMIUM
CHROMIUM
COPPER
NICKEL
SILVER
ZINC

ANTIMONY
BERYLLIUM
CADMIUM
CHROMIUM
COPPER
NICKEL
SILVER
ZINC

REPORT DATE: 05/03/90

RESULTS

30
5
5
5
10
10
10
10

102%
100%
115%
98%
104%
99%
86%
110%

102%
100%
115%
98%
107%
99%
86%
110%

0%
0%
0%
0%
17%
0%
0%
24%

ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L

RECOVERY
RECOVERY
RECOVERY
RECOVERY
RECOVERY
RECOVERY
RECOVERY
RECOVERY

RECOVERY
RECOVERY
RECOVERY
RECOVERY
RECOVERY
RECOVERY
RECOVERY
RECOVERY

RPD
RPD
RPD
RPD
RPD
RPD
RPD
RPD

i



7700 W. /4/bany . Suite "C" . Bro/ken /4mw, Oklahoma 74012 . 918-251-2858

AMES & MOORE
-Lll701 Borman Drive
ft. Louis. Missouri 63149

ANALYTICAL REPORT

REPORT: G2705.2

REPORT DATE: 05/03/90

3WLO IDENTIFICATION

AMPLE NO.:
'ATE RECEIVED:

2388.01 - 2388.05
04/17/90

DESCRIPTION

THOD BLANK
METHOD BLANK
THOD BLANK
THOD BLANK

'METHOD BLANK

•-•ME'
•ME

•̂ ™*JT̂

1

1

1

BLANK
'BLANK
BLANK

[BLANKBLANK
BLANK
BLANK
BLANK

SPIKE
SPIKE
SPIKE
SPIKE
SPIKE
SPIKE
SPIKE
SPIKE

' MATRIX SPIKE

1MARTIX SPIKE
_ MATRIX SPIKE

MATRIX SPIKE
..•MATRIX SPIKE

'- DUPLICATE
' DUPLICATE

"•DUPLICATE
J? DUPLICATE

DUPLICATE

04/30/90
05/01/90
05/02/90
05/01/90
04/27/90

04/30/90
04/30/90
05/01/90
05/01/90
05/02/90
05/02/90
05/01/90
05/01/90

MW101
MW107
MW107
MW107
MW101

MW101
MW106
MW101
MW106
MW101

QA/QC

PARAMETER

ARSENIC
LEAD
SELENIUM
THALLIUM
TOTAL CYANIDE

ARSENIC
ARSENIC
LEAD
LEAD
SELENIUM
SELENIUM
THALLIUM
THALLIUM

ARSENIC
LEAD
SELENIUM
THALLIUM
TOTAL CYANIDE

ARSENIC
LEAD
SELENIUM
THALLIUM
TOTAL CYANIDE

RESULTS

10
3
5
10
.01

101%
81%
99%
98%
98%
88%
98%
95%

96%
64%
70%
110%
104%

0%
0%
0%
0%
0%

ug/L
ug/L
ug/L
ug/L
mg/L

RECOVERY
RECOVERY
RECOVERY
RECOVERY
RECOVERY
RECOVERY
RECOVERY
RECOVERY

RECOVERY
RECOVERY
RECOVERY
RECOVERY
RECOVERY

RPD
RPD
RPD
RPD
RPD

I
I



SOUTHWEST LABORATORY OF OKLAHOMA, INC.
1700 W. Albany . Suite "C" . Broken Arrow, Oklahoma 74012 . 918-251-2858

i
I

1
I

I
I
I

I
i *•

I

.IENT: DAMES & MOORE .REPORT: G2705.3
11701 BORMAN DRIVE, SUITE 340
ST. LOUIS, MO 63146 DATE: 05-07-90
ATTN: DAVID PURINGTON

SAMPLE MATRIX: WATER
SWLO # METHOD BLANK
DATE EXTRACTED: 04-27-90
DATE ANALYZED: 05-02-90
METHOD REFERENCE: SWS46-B150, EPA METHODOLOGY
PROJECT: 19943 - 002; FORD EARTH CITY
SAMPLE ID: METHOD BLANK

RESULTS REPORTED IN ug/L OR Parts Per Billion

DET.
LIMIT RESULTS

I,4-D 1.0 ND
!,4,5-TP (SILVEX) 0.2 ND

QA/QC SURROGATE RECOVERY

2,4,5-T (10-98) 81.7V.

iD = NOT DETECTED ABOVE QUANTITATION LIMIT
= ESTIMATED VALUE: CONCENTRATION BELOW LIMIT OF QUANTITATION

._B = ANALYTE DETECTED IN BLANK AS WELL AS SAMPLE
Jt = SURROGATE RECOVERY OUTSIDE OF OC LIMITS



I SOUTHWEST LABORATORY OF OKLAHOMA, INC.
2700 W. Albany . Suite "C" . Broken Arrow, Oklahoma 74012 . 918-251-2858

DANES & MOORE REPORT: G2705.4
11701 BORMAN DRIVE, SUITE 340
ST. LOUIS, MO 63146 DATE: 05-07-90
ATTN: DAVID PURINGTON

SAMPLE MATRIX: WATER
SULO M METHOD BLANK
DATE EXTRACTED: 04-17-90
DATE ANALYZED : 05-01-90
METHOD REFERENCE: SU846-8080, EPA METHODOLOGY
SAMPLE ID: METHOD BLANK

RESULTS REPORTED IN ug/L OR Parts Per Billion (PPB)

PESTICIDES/PCS'S DETECTION LIMIT RESULTS

ALPHA-BHC 0.05 ND
BETA-BHC 0.05 ND
DELTA-BHC 0.05 ND
GAnnA-BHC(LINDANE) 0.05 ND
HEPTACHLOR 0.05 ND
ALDRIN 0.05 ' ND
HEPTACHLOR EPOXIDE 0.05 ND
ENDOSULFAN I 0.05 ND
DIELDRIN 0.1 ND
4,4-DDE 0.1 ND
ENDRIN 0.1 ND
ENDOSULFAN II 0.1 ND
4,4-DDD 0.1 ND
ENDOSULFAN SULFATE 0.1 ND
4,4-DDT 0.1 ND
METHOXYCHLOR 0.5 ND
ENDRIN KETONE 0.1 ND
ALPHA-CHLORDANE 0.5 ND
GAMMA-CHLORDANE 0.5 ND
TOXAPHENE 1.0 ND
AROCHLOR-1016 0.5 ND
AROCHLOR-1221 0.5 ND
AROCHLOR-1232 0.5 ' ND
AROCHLOR-1242 0.5 ND
AROCHLOR-1248 0.5 ND
AROCHLOR-1254 1.0 ND
AROCHLOR-1260 1.0 ND

QA/QC SURROGATE RECOVERIES

DIBUTYLCHLORENDATE (24-154) 135?:

ND = MOT DETECTED ABOVE C1UANTITATION LIMIT
J = E3TIP1ATED VALUE: CONCENTRATION BELOW LIMIT OF QUANTITATION
P. = AMALYTE DETECTED IN BLANK AS WELL AS SAMPLE
* = SURROGATE RECOVERY OUTSIDE OF QC LIMITS



SOUTHWEST LABORATORY OF OKLAHOMA, INC
1700 W. Albany . Suite "C" . Broken Arrow, Oklahoma 74012 . 918-251-2858

IENT: DARES & MOORE
I 11701 BORMAN DRIVE, SUITE 340

ST. LOUIS, HO 63146
ATTN: DAVID PURINGTON

SAMPLE MATRIX: WATER
SWLO H METHOD BLANK
DATE ANALYZED : 04-18-90
METHOD REFERENCE: SW846-8240, EPA METHODOLOGY
PROJECT: 19943 - 002; FORD EARTH CITY
SAMPLE ID: METHOD BLANK

REPORT: G2705.5

DATE: 05-07-90

RESULTS REPORTED IN uq/L OR Parts Per Billion (PPB)

bLATILES

LOROMETHANE
tOMOMETHANE
NYL CHLORIDE

IHLOROETHANE
THYLENE CHLORIDE
ETONE

CARBON DISULFIDE
J.1-DICHLOROETHENE
•Ll-DICHLOROETHANE
SANS-I.Z-DICHLOROETHENE
JHLOROFORM
•U-DICHLOROETHANE
•I-BUTANONE
,1,1-TRICHLOROETHANE
RBON TETRACHLORIDE
NYL ACETATE
OMODICHLOROMETHANE

LET.
LIMIT RESULTS

10
10
10
1C
5
10
5
5
5
5
5
5
10
5
5
10
5

10

ND
KID
ND
ND

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

VOLATILES

1,1,2.2-TETRACHLOROETHANE
1,2-DICHLOROFROPANE
TRANS-1,3-DICHLOROPROPENE
TRICHLOROETHENE
DIDROMOCHLOROMETHANC
1,1,2-TRICHLOROETHANE
BENZENE
CIS-1.3-DICHLOROPROPENE
2-CHLOROETHYLVINYLETHER
BROMOFORM
2-HEXANONE
4-METHYL-2-PENTANONE
TETRACHLOROETHENE
TOLUENE
CHLOROBENZENE
ETHYLBENZENE
STYRENE
TOTAL XYLENES

DET.
LIMJ1 RESULTS

5
5
5
5
5
5
5
5
10
5
10
10
5
5
5
5
5
5

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

QA/QC SURROGATE RECOVERIES

3LUENE-d8(B8-110) 100* BROMOFLUOROBENZENEC86-115) 86* 1,2-DICHLOROETHANE-d4(76-114) 95*

NOT DETECTED ABOVE C1UANTITATION LIMIT
ESTIMATED VALUE: CONCENTRATION BELOW LIMIT OF QUANTITATION
ANALYTE DETECTED IN BLANK A3 WELL AS SAMPLE
SURROGATE RECOVERY OUTSIDE OF G!C LIMITS



SOUTHWEST LABORATORY OF OKLAHOMA, JLINC.
7700 W. Albany . Suite 'C . Broken Arrow, Oklahoma 74012 . 918-251-2858

iMU 4 MOORE
,7« BORMAN DRIVE. SUITE 340
'.LOUIS, MO 63146
'T|| DAVID PURINGTON

«HE MATRIX: WATER
ILO « METHOD BLANK

3D REF.: SW846-8270, EPA METHODOLOGY
ICT: 19943 - 002; FORD EARTH CITY

.'.MPLE ID: METHOD BLANK

REPORT: G2705.6

DATE: 05-07-90

:rtrvDLATILES
DET. RESULTS
LIMIT (uo/L)

HI 1^

II

I

JNZ>

I

IfiZ-CHLOROETHYL)ETHER
-CHLOROPHENOL

IDICHLOROBENZENE
DICHLORO&ENZENE

ALCOHOL

H
DICHLOROBENZENE
THYLPHENOL
2-CHLCROISOPROPYL)ETHER

••nETMYLFHENiJL
^•-ROSO-DI-n-PROPYLAMINE
iSttcHLQROETHANE
-TROBENZENE

§'HORONE
TROPHENOL

;,4-DIMETHYLPHENOL
~|COIC ACID
-M 2-CHLOROETHOXY) METHANE
:,P-DICHLOROPHEhlOL
-2,4-TRICHLOROBENZENE

••1THALENE
rWlLOROANILINE
JEXACHLOROBUTADIENE
"~ ILORO-3-METHYLPHENOL

THYLNAPHTHALENE
^ACHLOROCYCLOFENTADIENE

1

6-TRICHLOROPHENOL
5-TRICHLOROPHENOL
LORONAPHTHALENE

irNITROANILINE

JETHYLPHTHALATE
NAPHTHYLENE

3-NITROANILINE

10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
50
10
10
10
10
10
10
10
10
10
10
50
10
50
10
10
50

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

DATE EXTRACTED:
DATE ANALYZED :

04-17-90
04-26-90

SEMIVOLATILE5

ACENAPHTHENE
2,4-DINITRQPHENOL
4-NITROPHENOL
DIBENZOFURAN
2,4-DINITROTOLUENE
2,6-DINITROTOLUENE
DIETHYLPHTHALATE
4-CHLOROPHENYL-PHENYLETHER
FLUOREME
4-NITROAMILINE
4.6-DINITRO 2-METHYLPHENOL
N-MITROSODIPHENYLAMINE(l)
4-BROI10PHENYL-PHEWYLETHER
HEXACHLOROBENZENE
PENTACHLOROPHENOL
PHENANTHRENE
ANTHRACENE
DI-N-BUTYLPHTHALATE
FLUORANTHENE
PYRENE
BUTYLBENZYLPHTHALATE
3,3-DICHLOROBENZIDINE
BENZOtA)ANTHRACENE
BIS(2-ETHYLHEXYL)PHTHALATE
CHRYSENE
DI-N-OCTYL PHTHALATE
BENZD(B)FLUORANTHENE
BENZO(K)FLUORANTHENE
BENZO(A)PYRENE
INDENOd, 2,3-CD) PYRENE
DIBENZ(A,H)ANTHRACENE
B E N Z O ( G , H , I ) P E R Y L E N E

DET. RESULTS
LIMIT (UQ/L)

10
50
50
10
10
10
10
10
10
50
50
10
10
10
10
10
10
10
10
10
10
20
10
10
10
10
10
10
10
10
10
10

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

EROBENZENE-d5(35-114;
NOL-d5 (10-94)

I

I

62?:
83'.'

QA/OC SURROGATE RECOVERIES

2-FLUOROBIPHENYL(43-116) 55*
2-FLUOROPHENOL (21-100) 59?:

TERPHENYL-dl4 (33-141) 77:
2,4,6-TRIBROnOPHENOL(10-l23) 65'

NOT DETECTED ABOVE C1UANTITATION LIMIT
ESTIMATED VALUE: CONCENTRATION BELOW LIMIT OF C1UANTITATION
ANALYTE DETECTED IN BLANK AS WELL AS SAMPLE
SURROGATE RECOVERY OUTSIDE OF G1C LIMITS



SOUTHWEST LABORATORY OF OKJLAHOMA, 1IN1J.
1700 W. Albany . Suite "C . Broken Arrow, Oklahoma 74012 . 918-251-2858

<ES & MOORE
01 BORMAN DRIVE, SUITE 340

„ . LOUIS, MO 63146
'TN: DAVID PURINGTON

»PLE MATRIX: WATER
*"ILO tt METHOD BLANK«HOD REF.: SU846-8270, EPA METHODOLOGY

JECT: 19943 - 002; FORD EARTH CITY
•»iMPLE ID: METHOD BLANK

i;

ghlVOLATILES

-KNOL
:V (2-CHLOROETHYL)ETHER

• --CHLOROPHENOL

«'--DICHLOROBENZENE
-DICHLOROBENZENE

._ ZYL ALCOHOL
?-DICHLOROBENZENE
IETHYLPHENOL
(2-CHLOROISOPROPYL)ETHER

'"JMETHYLFHENOL
.jNITROSO-DI-n-PROPYLAHINE
"B<ACHLOROETHAUE
.NITROBENZENE

IpPHOROKIE
• JNITROPHENOL
•VDIHETHYLPHENOL

"iNZOIC ACID
.Jfe(2-CHLORDETHOXY)METHAWE
W-DICHLOROPHENOL

>i-|2,4-TRICHLOROBENZENE
•PHTHALENE

•fljCHLOROANILINE
kHEXACHLOROBUTADIENE
' J£HLORO-3-METHYLPHENOL
, JrETHYLNAPHTHALENE
HWACHLOROCYCLOPENTADIENE

^4,6-TRICHLOROPHENOL
lf»,5-TRICHLOROPHENOL

aCHLORONAPHTHALENE
.^NITRO ANILINE

ipETHYLPHTHALATE
IENAPHTHYLENE
3^NITROANILINE

DET. RESULTS
LIMIT (uo/L)

I
I
. ••*

I

10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
50
10
10
10
10
10
10
10
10
10
10
50
10
50
10
10
50

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

ND
ND
ND
ND
ND
ND
ND
ND
ND

REPORT: G2705.7

DATE: 05-07-90

DATE EXTRACTED: 04-17-90
DATE ANALYZED : 04-26-90

SEHIVOLATILE5

ACENAPHTHENE
2.4-DINITROPHENOL
4-NITROPHENOL
DIBENZOFURAN
2,4-DINITROTOLUENE
2,6-DINITROTOLUENE
DIETHYLPHTHALATE
4-CHLOROPHENYL-PHENYLETHER
FLUOREME
4-NITROANILINE
4,6-DINITRO 2-METHYLFHENOL
N-NITR030DIPHENYLAMINE(1)
4-BROMOPHENYL-PHENYLETHER
HEXACHLOROBENZENE
PENTACHLOROPHENOL
PHENANTHRENE
ANTHRACENE
DI-N-BUTYLPHTHALATE
FLUORANTHENE
PYRENE
BUTYLBENZYLPHTHALATE
3.3-DICHLOROBENZIDINE
BENZO(A)ANTHRACENE
BIS(2-ETHYLHEXYL)PHTHALATE
CHRYSENE
DI-N-OCTYL PHTHALATE
BENZO(B)FLUORANTHENE
BENZO(K)FLUORANTHENE
BENZO(A)PYRENE
INDENO(1,2,3-CD)PYRENE
DIBENZ( A ,,H) ANTHRACENE
BENZO(G,H,I)PERYLENE

DET. RESULTS
LIMIT (UQ/L)

10
50
50
10
10
10
10
10
10
50
50
10
10
10
10
10
10
10
10
10
10
20
10
10
10
10
10
10
10
10
10
10

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

RDBENZENE-d5(35-114) 78?:
NOL-d5 (10-94) 90:;

g.A/BC_SURR.gG ATE JtECDVER IES

2-FLUOROBIPHENYL(43-116) 69* TERPHENYL-dl4 (33-141) 89*
2-FLUOROPHENOL (21-100) 64?: 2,4,6-TRIBROMCPHENOL(10-123) 77:;

= NOT DETECTE!) ABOVE QUANTITATION LIMIT
= ESTIMATED VALUE: CONCENTRATION BELOW LIMIT OF OUANTITATION
= ANALYTE DETECTED IN BLANK AS WELL AS SAMPLE
- SURROGATE RECOVERY OUTSIDE OF QC LIMITS



SOUTHWEST LABORATORY
OF OKLAHOMA, INC.

May 8, 1990

David Purington
DAMES & MOORE
11701 Borman Drive, Suite 340
St. Louis, Missouri 63146

Project: 19943 - 002;

Dear Mr. Purington:

Ford Earth City

Enclosed are the analytical results for your samples received
in our laboratory on April 18, 1990, for the above captioned
project.

Sample MW110 was originally extracted on April 19, 1990. The
QC/MS analysis indicated that the surrogates did not meet the
QC criteria. Hence, this sample was re-extracted on April 24,
1990, and later re-analysed. The data was reported for the re-
analysed sample.

Per your request we have preformed a matrix spike and duplicate
for the following samples; MW102 (semi-volatile), MW108
(Herbicides), MW110 (Pesticides), MW104 (Volatile)

If, in your review, you should have any questions or require
additional information, please call.

Sincerely,

S
k»»

n

Randy Staggs
Project Manager

RS/jl

Enclosures

SI.UJUIS.UISSOUM

1700 WEST ALBANY, SUITE C • BROKEN ARROW, OK 74012
(918)251-2858 • FAX (918) 251-2599
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SOUTHWEST LABORATORY OF OKLAHOMA,
1700 W. Albany . Suite "C • Broken Arrow, Oklahoma 74012 . 918-251-2858

IENT» DAMES & MOORE
11701 BORMAN DRIVE, SUITE 340
ST. LOUIS, MO 63146
ATTNi DAVID PURINBTON

SAMPLE MATRIX: WATER
SWLO ft 2397.01
DATE SUBMITTED: 04-18-90
PROJECT» 19943 - 002; FORD EARTH CITY
SAMPLE ID: MW110

REPORT! 2397.01M

DATE: 05-07-90

.1
1 PARAMETER
J
loTAL CYANIDE

1 TOTAL METALS

.IRSENIC
LEAD

-'•ERCURY
JELENIUM
"[THALLIUM
_IANTIMONY
BERYLLIUM

-TCADMIUM
[CHROMIUM
"•OPPER
•ICKEL
JSILVER
4f INC

DET.
LIMIT

0.01

10.0
3.0
0.2
5.0
10.0
30 . 0
5.0
5.0
5.0
10.0
10.0
10.0
10.0

UNIT

mg/L

ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L

RESULTS

ND

ND
ND
ND
ND
ND
ND
ND
ND
ND
102
ND
ND
40.5

DATE
ANALYZED

04-27-90

05-02-90
05-01-90
05-01-90
05-02-90
05-01-90
04-25-90
04-25-90
04-25-90
04-25-90
04-25-90
04-25-90
04-25-90
04-25-90

METHOD
REFERENCE

SM 412D

EPA 206.2
EPA 239.2
EPA 245.1
EPA 270.2
EPA 279.2
EPA 200.7
EPA 200.7
EPA 200.7
EPA 200.7
EPA 200.7
EPA 200.7
EPA 200.7
EPA 200.7

[PA = #EPA600/4-79-020, MARCH 1985
JD = NOT DETECTED ABOVE QUANTITATION LIMIT
SM = STANDARD METHOD, 16TH EDITION

1



SOUTHWEST LABORATORY OF OKLAHOMA, INC.

I.1 • 1700 W. Albany . Suite "C . Broken Arrow, Oklahoma 74012 . 918-251-2858

JBCLlENTl DAMES & MOORE REPORTi 2397.01H
| 11701 BORMAN DRIVE, SUITE 340

ST. LOUIS, MO 63146 DATEi 05-08-90
ATTNi DAVID PURINGTON

SAMPLE MATRIX I WATER
SWLO tt 2397.01
DATE SUBMITTEDi 04-18-90
DATE EXTRACTED: 04-27-90
DATE ANALYZED: 05-02-90
METHOD REFERENCE! SW846-8150, EPA METHODOLOGY
PROJECT! 19943 - 002; FORD EARTH CITY
SAMPLE IDj MW110

RESULTS REPORTED IN ug/L OR Parts Per Billion

DET.
HERBICIDES LIMIT RESULTS

2,4-D 1.0 ND
2,4,5-TP (SILVEX) 0.2 ND

1
I
I
I

QA/QC SURROGATE RECOVERY

2,4,5-T (10-98) 89.47.

ND = NOT DETECTED ABOVE QUANTITATION LIMIT
J • ESTIMATED VALUE: CONCENTRATION BELOW LIMIT OF QUANTITATION
B = ANALYTE DETECTED IN BLANK AS WELL AS SAMPLE
* * SURROGATE RECOVERY OUTSIDE OF QC LIMITS
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I
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SOUTHWEST LABORATORY OF OKLAHOMA, INC.
1700 W. Albany . Suite "C* . Broken Arrow, Oklahoma 74012 . 918-251-2858

CLIENT: DAMES & MOORE REPORT: 2397.01P
11701 BORMAN DRIVE, SUITE 340
ST. LOUIS, MO .63146 DATE: 05-08-90
ATTN: DAVID PURINGTON

SAMPLE MATRIX: WATER
SWLO « 2397.01
DATE SUBMITTED: 04-18-90
DATE EXTRACTED: 04-19-90
DATE ANALYZED : 05-02-90
METHOD REFERENCE: SU846-8080, EPA METHODOLOGY
SAMPLE ID: MU110

RESULTS REPORTED IN ug/L OR Parts Per Billion (PPB)

PESTICIDES/PCB'S DETECTION LIMIT RESULTS

ALPHA-BHC 0.05 ND
BETA-BHC 0.05 ND
DELTA-BHC 0.05 ND
GAMMA-BHC(LINDANE) 0.05 ND
HEPTACHLOR 0.05 ND
ALDRIN 0.05 . ND
HEPTACHLOR EPOXIDE 0.05 ND
ENDOSULFAN I 0.05 ND
DIELDRIN . 0.1 ND
4,4-DDE 0.1 ND
ENDRIM 0.1 ND
ENDOSULFAN II 0.1 ND
4,4-DDD 0.1 ND
ENDOSULFAN SULFATE 0.1 ND
4,4-DDT 0.1 ND
METHOXYCHLOR 0.5 ND
ENDRIN KETONE 0.1 ND
ALPHA-CHLORDANE 0.5 ND
GAHMA-CHLORDANE 0.5 ND
TOXAPHENE 1.1 ND
AROCHLOR-1016 0.5 ND
AROCHLOR-1221 0.5 ND
AROCHLOR-1232 0.5 ND
AROCHLOR-1242 0.5 ND
AROCHLOR-1248 0.5 ND
AROCHLOR-1254 1.1 ND
AROCHLOR-1260 1.1 ND

OA/QC SURROGATE RECOVERIES

DIBUTYLCHLORENDATE (24-154) 100*

ND = NOT DETECTED ABOVE QUANTITATION LIMIT
J = ESTIMATED VALUE: CONCENTRATION BELOW LIMIT OF QUANTITATION
B = ANALYTE DETECTED IN BLANK AS WELL AS SAMPLE
* = SURROGATE RECOVERY OUTSIDE OF QC LIMITS



SOUTHWEST LABORATORY OF OKLAHOMA, INC.
1700 W. Albany . Suite "C" . Broken Arrow, Oklahoma 74012 . 918-251-2858

tLIENTi DAMES & MOORE
11701 BORMAN DRIVE, SUITE 340
ST. LOUIS, MO 63146
ATTN: DAVID PURINGTON

SAMPLE MATRIX: WATER
SWLO « 2397.01
DATE SUBMITTED: 04-18-90
DATE ANALYZED : 04-18-90

REPORTi 2397.01V

DATE* 05-08-90

METHOD REFERENCE:
PROJECT: 19943 -
SAMPLE ID: MU110

SU846-8240, EPA METHODOLOGY
002; FORD EARTH CITY

RESULTS REPORTED IN uq/L OR Parts Per Billion (PPB)

70LATILES

IHLOROMETHANE
«| IROMOMETHANE

VINYL CHLORIDE
JHLOROETHANE
IETHYLENE CHLORIDE
ACETONE

— ;ARBON DISULFIDE
•Ll-DICHLOROETHENE

-11,1-DICHLOROETHANE
jTRANS-1,2-DICHLOROETHENE
•HLOROFORM

*M,2-DICHLOROETHANE
J2-BUTANONE

•^ ,1,1-TRICHLOROETHANE
:ARBON TETRACHLORIDE
'INYL ACETATE

IBROMODICHLOROMETHANE

DET.
LIMIT RESULTS

10
10
10
10
5
10
5
5
5
5
5
5
10
5
5
10
5

ND
ND
ND
ND

16
4

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

B
JB

VOLATILE5

1,1,2,2-TETRACHLOROETHANE
1,2-DICHLOROPROPANE
TRANS-1,3-DICHLOROPROPENE
TRICHLOROETHENE
DIBROMOCHLOROMETHANE
1,1,2-TRICHLOROETHANE
BENZENE
CIS-1,3-DICHLOROPROPENE
2-CHLOROETHYLVINYLETHER
BROMOFORM
2-HEXANONE
4-METHYL-2-PENTANONE
TETRACHLOROETHENE
TOLUENE
CHLOROBENZENE
ETHYLBENZENE
STYRENE
TOTAL XYLENES

DET.
LIMIT RESULTS

5
5
5
5
5
5
5
5
10
5
10
10
5
5
5
5
5
5

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

OA/QC SURROGATE RECOVERIES

•TOLUENE-d8(88-110) 96* BROrtOFLUOROBENZENE(86-115) 92* 1,2-DICHLOROETHANE-d4(76-114) 100*

= NOT DETECTED ABOVE QUANTITATION LIMIT
= ESTIMATED VALUE: CONCENTRATION BELOW LIMIT OF QUANTITATION

IB = ANALYTE DETECTED IN BLANK AS WELL AS SAMPLE
= SURROGATE RECOVERY OUTSIDE OF QC LIMITS



I
SOUTHWEST JABOKATOKY <j* UKJLAHUMA, 1INL;.

1700 W. Albany . Suite "C • Broken Arrow, Oklahoma 74012 . 918-251-2858

AHES & MOORE
\M\ BORMAN DRIVE, SUITE 340
P_OUIS, MO 63146

TTN: DAVID PURINGTON

JLE HATRIX: WATER
ft 2397.01

EiUOD REF.: SW846-B270, EPA METHODOLOGY
fMtCli 19943 - 002; FORD EARTH CITY
J|LE ID: MWHO

IVOLATILES

fL
-CHLOROETHYDETHER
OROPHENOL

S- DICHLOROBENZENE
DICHLOROBENZENE
YL ALCOHOL

.,,_. DICHLOROBENZENE
[THYLPHENOL
2-CHLOROISOPROPYL)ETHER

IIETHYLPHENOL
:TROSO-DI-n-PROPYLAMINE
tCHLOROETHANE
[QBENZENE
•HORONE
iTROPHENOL
•DIMETHYLPHENOL

UZOIC ACID
2-CHLOROETHOXY)METHANE

•DICHLOROPHENOL
,4-TRICHLOROBENZENE
ITHALENE
ILOROANILINE

:ACHLOROBUTADIENE
-J:HLORO-3-METHYLPHENOL
2JETHYLNAPHTHALENE
•"ilACHLOROCYCLOPENTADIENE
J?,6-TRICHLOROPHENOL

DET. RESULTS
LIMIT (uq/Ll

1!,S-TRICHLOROPHENOLHLORONAPHTHALENE
[«TROANILINE
ETHYLPHTHALATE

A«NAPHTHYLENE
~̂ I

20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
100
20
20
20
20
20
20
20
20
20
20
100
20
100
20
20
100

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

REPORT: 2397.01B

DATE: 05-08-90

DATE SUBMITTED: 04-18-90
DATE EXTRACTED: 04-24-90
DATE ANALYZED : 04-25-90

SEHIVOLATILE5

ACENAPHTHENE
2,4-DINITROPHENOL
4-NITROPHENOL
DIBENZOFURAN
2,4-DINITROTOLUENE
2,6-DINITROTOLUENE
DIETHYLPHTHALATE
4-CHLOROPHENYL-PHENYLETHER
FLUORENE
4-NITROANILINE
4,6-DINITRO -2-METHYLPHENOL
N-NITROSODIPHENYLAMINE(1)
4-BROflOPHENYL-PHENYLETHER
HEXACHLOROBENZENE
PENTACHLOROPHENOL
PHENANTHRENE
ANTHRACENE
Dl-N-BUTYLPHTHALATE
FLUORANTHENE
PYRENE
BUTYLBENZYLPHTHALATE
3,3-DICHLOROBENZIDINE
BENZO(A)ANTHRACENE
BIS(2-ETHYLHEXYL)PHTHALATE
CHRYSENE
DI-N-OCTYL PHTHALATE
BENZO(B)FLUORANTHENE
BENZO(K)FLUORANTHENE
BENZO(A)PYRENE
INDENO(1,2,3-CD)PYRENE
DIBENZ(A,H)ANTHRACENE
BENZO(G,H,I)PERYLENE

i
i
i

QA/QC SURROGATE RECOVERIES

DET. RESULTS
LUUI

20
100
100
20
20
20
20
20
20
100
100
20
20
20
20
20
20
20
20
20
20
40
20
20
20
20
20
20
20
20
20
20

ND
ND
ND
ND
ND
ND

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

ROBENZENE-d5(35-114)
:NOL-d5 (10-94)

65* 2-FLUOROBIPHENYL(43-116)
36* 2-FLUOROPHENOL (21-100)

62* TERPHENYL-dl4 (33-141)
18** 2,4,6-TRIBROHOPHENOL(10-123) 21*

NOT DETECTED ABOVE QUANTITATION LIMIT
ESTIMATED VALUE: CONCENTRATION BELOW LIMIT OF QUANTITATION
ANALYTE DETECTED IN BLANK AS WELL AS SAMPLE
SURROGATE RECOVERY OUTSIDE OF QC LIMITS



«J A AJL T T AJiU JL

1700 W. Albany Suite "C" . Broken Arrow, Oklahoma 74012 . 918-251-2858

ILIENT: DAMES & MOORE
11701 BORMAN DRIVE, SUITE 340
ST. LOUIS, MO 63146
ATTN: DAVID PURINGTON

REPORT: 2397.02M

DATE: 05-07-90

SAMPLE MATRIX: WATER
SWLO # 2397.02
DATE SUBMITTED: 04-18-90
PROJECT: 19943 - 002; FORD EARTH CITY
SAMPLE ID: MW102

PARAMETER
DET.
LIMIT UNIT RESULTS

DATE
ANALYZED

METHOD
REFERENCE

TOTAL CYANIDE

TOTAL METALS

{RSENIC
EAD

..ERCURY
fELENIUM

HALLIUM
NTIMONY

JERYLLIUM
ADMIUM
HROMIUM

wDPPER
4ICKEL
SILVER

ZINC

0.01 mg/L ND

EPA = #EPA600/4-79-020, MARCH 1985
ND • NOT DETECTED ABOVE OUANTITATION LIMIT
SM = STANDARD METHOD, 16TH EDITION

04-27-90 SM 412D

10.0
3.0
0.2
5.0
10.0
30 . 0
5.0
5.0
5.0
10.0
10.0
10.0
10.0

ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L

ND
ND
ND
ND
ND
ND
ND
ND
ND
326
13.8
ND
52.8

05-02-90
05-01-90
04-25-90
05-02-90
05-01-90
04-25-90
04-25-90
04-25-90
04-25-90
04-25-90
04-25-90
04-25-90
04-25-90

EPA 206.2
EPA 239.2
EPA 245.1
EPA 270.2
EPA 279.2
EPA 200.7
EPA 200.7
EPA 200.7
EPA 200.7
EPA 200.7
EPA 200.7
EPA 200.7
EPA 200.7



SOUTHWEST .LABORATORY OF OKLAHOMA, INC.
1700 W. Albany . Suite "C . Broken Arrow, Oklahoma 74012 . 918-251-2858

•<•

i

:LIENT: DAMES & MOORE REPORTt 2397.02H
11701 BORMAN DRIVE, SUITE 340
ST. LOUIS, MO 63146 DATE: 05-08-90
ATTNl DAVID PURINGTON

SAMPLE MATRIX: WATER
SWLO # 2397.02
DATE SUBMITTED: 04-18-90
DATE EXTRACTED: 04-27-90
DATE ANALYZED: 05-02-90
METHOD REFERENCE: SW846-8150, EPA METHODOLOSY
PROJECT: 19943 - 002; FORD EARTH CITY
SAMPLE ID: MW102

RESULTS REPORTED IN ug/L OR Parts Per Billion

DET.
HERBICIDES LIMIT RESULTS

2,4-D 1.0 ND
2,4,5-TP (SILVEX) 0.2 ND

QA/QC SURROGATE RECOVERY

2,4,5-T (10-98) 93.77.

ND = NOT DETECTED ABOVE QUANTITATION LIMIT
J = ESTIMATED VALUE: CONCENTRATION BELOW LIMIT OF QUANTITATION
B • ANALYTE DETECTED IN BLANK AS WELL AS SAMPLE
* = SURROGATE RECOVERY OUTSIDE OF QC LIMITS



1I
SOUTHWEST LABORATORY OF OKLAHOMA, INC.

1700 W. Albany . Suite 'C . Broken Arrow, Oklahoma 74012 . 918-251-2858

I
I
I
1
I
i
i
I
1

i

IENT: DAMES & MOORE REPORT: 2397.02P
11701 BQRMAN DRIVE, SUITE 340
ST. LOUIS, HO 63146 DATE: 05-08-90
ATTN: DAVID PURINGTON

SAMPLE MATRIX! WATER
SULO « 2397.02
DATE SUBMITTED: 04-18-90
DATE EXTRACTED: 04-19-90
DATE ANALYZED : 05-02-90
METHOD REFERENCE: SU846-8080, EPA METHODOLOGY
SAMPLE ID: MU102

RESULTS REPORTED IN ug/L OR Parts Per Billion (PPB)

PESTICIDES/PCB'S DETECTION LIHIT RESULTS

ALPHA-BHC 0.05 ND
BETA-BHC 0.05 ND
DELTA-BHC 0.05 ND
GAMMA-BHC(LINDANE) 0.05 ND
HEPTACHLOR 0.05 ND
ALDRIN 0.05 . ND
HEPTACHLOR EPOXIDE 0.05 ND
ENDOSULFAN I 0.05 ND
DIELDRIN 0.1 ND
4,4-DDE 0.1 ND
ENDRIN 0.1 ND
ENDOSULFAN II 0.1 ND
4,4-DDD 0.1 ND
ENDOSULFAN SULFATE 0.1 ND
4,4-DDT 0.1 ND
METHOXYCHLOR 0.5 ND
ENDRIN KETONE 0.1 ND
ALPHA-CHLORDANE 0.5 ND
GAMMA-CHLORDANE 0.5 ND
TOXAPHENE 1.0 ND
AROCHLOR-1016 0.5 ND
AROCHLOR-1221 0.5 ND
AROCHLOR-1232 0.5 ND
AROCHLOR-1242 0.5 ND
AROCHLOR-1248 0.5 ND
AROCHLOR-1254 1.0 ND
AROCHLOR-1260 1.0 ND

QA/OC SURROGATE RECOVERIES

DIBUTYLCHLORENDATE (24-154) 83*

ND = NOT DETECTED ABOVE QUANTITATION LIMIT
J = ESTIMATED VALUE: CONCENTRATION BELOW LIMIT OF QUANTITATION
B = ANALYTE DETECTED IN BLANK AS WELL AS SAMPLE
* = SURROGATE RECOVERY OUTSIDE OF QC LIMITS



SOUTJIWJiS'l JLAJBUJKAJLUJM ,
1700 W. Albany . Suite "C" . Broken Arrow, Oklahoma 74012 . 918-251-2858

[ENT: DAMES & MOORE
11701 BORMAN DRIVE, SUITE 340
ST. LOUIS, MO 63146
ATTN: DAVID PURINGTON

SAMPLE MATRIX: WATER
SWLO « 2397.02
DATE SUBMITTED: 04-18-90
DATE ANALYZED : 04-18-90
METHOD REFERENCE: SU846-8240, EPA METHODOLOGY
PROJECT: 19943 - 002; FORD EARTH CITY
SAMPLE ID: MW102

REPORT: 2397.02V

DATE: 05-08-90

RESULTS REPORTED IN ug/L OR Parts Per Billion (PPB)

DET.
.ATILES LIHIT RESULTS VOLATILE5

LA

4

LOROMETHANE
OMOMETHANE
INYL CHLORIDE
LOROETHANE
THYLENE CHLORIDE
ETONE

ARBON DISULFIDE
1-DICHLOROETHENE
1-DICHLOROETHANE

RANS-1,2-DICHLOROETHENE
LOROFORM
2-DICHLOROETHANE
-BUTANONE
1,1-TRICHLOROETHANE
RBON TETRACHLORIDE
NYL ACETATE

ROMODICHLOROMETHANE

10 ND 1,1,2,2-TETRACHLOROETHANE
10 ND 1,2-DICHLOROPROPANE
10 ND TRANS-1,3-DICHLOROPROPENE
10 ND TRICHLOROETHENE
5 16 B DIBROMOCHLOROMETHANE
10 ND 1,1,2-TRICHLOROETHANE
5 ND BENZENE
5 ND CIS-1,3-DICHLOROPROPENE
5 3 J 2-CHLOROETHYLVINYLETHER
5 'ND BROMOFORM
5 ND 2-HEXANONE
5 ND 4-METHYL-2-PENTANONE
10 ND TETRACHLOROETHENE
5 ND TOLUENE
5 ND CHLOROBENZENE
10 ND ETHYLBENZENE
5 ND STYRENE

TOTAL XYLENES

DET.
LIHIT RESULTS

5
3
5
5
5
5
5
5
10
5
10
10
5
5
5
5
5
5

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

QA/QC SURROGATE RECOVERIES

JLUENE-d8(88-110) 98K BROMOFLUOROBENZENE(86-115) 94* l,2-DICHLOROETHANE-d4(76-114) 100*

= NOT DETECTED ABOVE QUANTITATION LIMIT
= ESTIMATED VALUE: CONCENTRATION BELOW LIMIT OF QUANTITATION
= ANALYTE DETECTED IN BLANK AS WELL AS SAMPLE
= SURROGATE RECOVERY OUTSIDE OF QC LIMITS

•



SOUTHWEST,LA15UKAiUKi ur
2700 W. Albany . Suite "C" • Broken Arrow, Oklahoma 74012 . 918-251-2858

:s & MOORE
)1 BORMAN DRIVE, SUITE 340
LOUIS, MO 63146
J: DAVID PURINGTON

SLE MATRIX: WATER
* 2397.02

•HOD REF.: SU846-8270, EPA METHODOLOGY
fJECTi 19943 - 002; FORD EARTH CITY
»LE ID: MU102

REPORT: 2397.02B

DATE: 05-08-90

'IVOLATILES
I

1NOL
(2-CHLOROETHYL)ETHER

IHLOROPHENOL
•-DICHLOROBENZENE
•-DICHLOROBENZENE
^ZYL ALCOHOL

'-DICHLOROBENZENE
•ETHYLPHENOL
B(2-CHLOROISOPROPYL)ETHER

1ETHYLPHENOL

f lTROSO-DI-n-PROPYLAMINE
ACHLOROETHANE

"fROBENZENE

(PHORONE
ITROPHENOL
-DIHETHYLPHENOL

JCOIC ACID
(2-CHLOROETHOXY)METHANE
-DICHLOROPHENOL

Z,4-TRICHLOROBENZENE
fHTHALENE
•CHLOROANILINE
*XACHLOROBUTADIENE
J:HLORO-3-METHYLPHENOL
•P1ETHYLNAPHTHALENE.
HXACHLOROCYCLOPENTADIENE

|4,6-TRICHLOROPHENOL
•4,5-TRICHLOROPHENOL
•CHLORONAPHTHALENE
"INI TROANI LINE
IBlh

f
IMETHYLPHTHALATE
ENAPHTHYLENE
iNITROANILINE

DET.
LIHIT

10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
50
10
10
10
10
10
10
10
10
10
10
50
10
50
10
10
50

I
I
n

I

RESULTS
(uq/Ll

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
N&
ND
ND

DATE SUBMITTED:
DATE EXTRACTED:
DATE ANALYZED :

04-18-90
04-19-90
04-24-90

SEHIVOLATILE5

ACENAPHTHENE
2,4-DINITROPHENOL
4-NITROPHENOL
DIBENZOFURAN
2,4-DINITROTOLUENE
2,6-DINITROTOLUENE
DIETHYLPHTHALATE
4-CHLOROPHENYL-PHENYLETHER
FLUORENE
4-NITROANILINE
4,6-DINITR0.2-t1ETHYLPHENOL
N-NITROSODIPHENYLAHINE(l)
4-BROHOPHENYL-PHENYLETHER
HEXACHLOROBENZENE
PENTACHLOROPHENOL
PHENANTHRENE
ANTHRACENE
DI-N-BUTYLPHTHALATE
FLUORANTHENE
PYRENE
BUTYLBENZYLPHTHALATE
3,3-DICHLOROBENZIDINE
BENZO( A) ANTHRACENE
BIS(2-ETHYLHEXYL)PHTHALATE
CHRYSENE
DI-N-OCTYL PHTHALATE
BENZO(B)FLUORANTHENE
BENZO(K)FLUORANTHENE
BENZO(A)PYRENE
INDENO (!„ 2, 3-CD) PYRENE
DIBENZ<A0H)ANTHRACENE
BENZO(G,H,I)P£RYLENE

iTROBENZENE-d5(35-114) 71*
4ENOL-d5 (10-94) 49*

QA/QC SURROGATE RECOVERIES

2-FLUOROBIPHENYL(43-116) 68*
2-FLUOROPHENOL (21-100) 35*

DET. RESULTS
LIHIT fuo/L)

10
50
50
10
10
10
10
10
10
50
50
10
10
10
10
10
10
10
10
10
10
20
10
10
10
10
10
10
10
10
10
10

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

ND
ND
ND
ND
ND
ND
ND

JB
J

TERPHENYL-dl4 (33-141)
2,4,6-TRIBROMOPHENOL(10-123)

60*
34*

NOT DETECTED ABOVE QUANTITATION LIMIT
ESTIMATED VALUE: CONCENTRATION BELOW LIMIT OF QUANTITATION
ANALYTE DETECTED IN BLANK AS WELL AS SAMPLE
SURROGATE RECOVERY OUTSIDE OF QC LIMITS



SOUTHWEST LABORATORY OF OKLAHOMA, INC.
1700 W. Albany . Suite "C1 . Broken Arrow, Oklahoma 74012 . 91&-251-2858

I

IENT: DAMES & MOORE
11701 BORMAN DRIVE, SUITE 340
ST. LOUIS, MO 63146
ATTN: DAVID PURINGTON

SAMPLE MATRIX I WATER
SWLO * 2397.03
DATE SUBMITTED: 04-18-90
PROJECT: 19943 - 002; FORD EARTH CITY
SAMPLE ID: MW108

REPORT: 2397.03M

DATE: 05-07-90

HiRAMETER
1
TOTAL CYANIDE

*j

r
e.S

...

3

TAL METALS

*SENIC
AD
RCURY
LENIUM
HALLIUM
ITIMONY
RYLLIUM

JDMIUM
ROMIUM
PPER

•NICKEL
rfLVER
JNC

DET.
LIMIT

0.01

10.0
3.0
0.2
5.0
10.0
30 . 0
5.0
5.0
5.0
10.0
10.0
10.0
10.0

UNIT

mg/L

ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L

RESULTS

ND

ND
ND
ND
ND
ND
34.5
ND
ND
ND
81
14.0
ND
44.5

DATE
ANALYZED

04-27-90

05-02-90
05-01-90
04-25-90
05-02-90
05-01-90
04-25-90
04-25-90
04-25-90
04-25-90
04-25-90
04-25-90
04-25-90
04-25-90

METHOD
REFERENCE

SM 412D

EPA 206.2
EPA 239.2
EPA 245.1
EPA 270.2
EPA 279.2
EPA 200.7
EPA 200.7
EPA 200.7
EPA 200.7
EPA 200.7
EPA 200.7
EPA 200.7
EPA 200.7

#EPA600/4-79-020, MARCH 1985
NOT DETECTED ABOVE QUANTITATION LIMIT
STANDARD METHOD, 16TH EDITION

i



SOUTHWEST LABORATORY OF OKLAHOMA, 1JN<J.
1700 W. Albany . Suite "C . Broken Arrow, Oklahoma 74012 . 918-251-2828

m

i
i
i
i
i
j

CLIENT: DAMES & MOORE REPORT: 2397.03H
11701 BORMAN DRIVE, SUITE 340
ST. LOUIS, MO 63146 DATE: 05-08-90
ATTN: DAVID PURINGTON

SAMPLE MATRIX: WATER
SWLO # 2397.03
DATE SUBMITTED: 04-18-90
DATE EXTRACTED: 04-27-90
DATE ANALYZED: 05-02-90
METHOD REFERENCE: SW846-8150, EPA METHODOLOGY
PROJECT: 19943 - 002; FORD EARTH CITY
SAMPLE ID: MW108

RESULTS REPORTED IN ug/L OR Parts Per Bi.-ion

DET.
HERBICIDES LIMIT RESULTS

2.4-D 1.0 ND
2,4,5-TP (SILVEX) 0.2 ND

QA/QC SURROGATE RECOVERY

2,4,5-T (10-98) 87.97.

ND = NOT DETECTED ABOVE QUANTITATION LIMIT
- J = ESTIMATED VALUE: CONCENTRATION BELOW LIMIT OF QUANTITATION

§ B = ANALYTE DETECTED IN BLANK AS WELL AS SAMPLE
* = SURROGATE RECOVERY OUTSIDE OF QC LIMITS
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SOUTHWEST,LABORATORY OF OKLAHOMA, INC.
1700 W. Albany . Suite "C" . Broken Arrow, Oklahoma 74012 . 918-251-2858

.IENT: DAMES & MOORE REPORT: 2397.03P
11701 BORMAN DRIVE, SUITE 340
ST. LOUIS, MO 63146 DATE: 05-08-90
ATTN: DAVID PURINGTON

SAMPLE MATRIX: WATER
SULO t» 2397.03
DATE SUBMITTED: 04-18-90
DATE EXTRACTED: 04-19-90
DATE ANALYZED : 05-02-90
METHOD REFERENCE: SU846-8080, EPA METHODOLOGY
SAMPLE ID: MU108

RESULTS REPORTED IN uq/L OR Parts Per Billion (PPB)

PESTICIDES/PCB'S DETECTION LIMIT RESULTS

ALPHA-BHC 0.05 ND
BETA-BHC 0.05 ND
DELTA-BHC 0.05 ND
GAMMA-BHC(LINDANE) 0.05 ND
HEPTACHLOR 0.05 ND
ALDRIN 0.05 . ND
HEPTACHLOR EPOXIDE 0.05 ND
ENDOSULFAN I 0.05 ND
DIELDRIN 0.1 ND
4,4-DDE 0.1 ND
ENDRIN 0.1 ND
ENDOSULFAN II 0.1 ND
4,4-DDD 0.1 ND
ENDOSULFAN SULFATE 0.1 ND
4,4-DDT 0.1 ND
METHOXYCHLOR 0.5 ND
ENDRIN KETONE 0.1 ND
ALPHA-CHLORDANE 0.5 ND
GAMMA-CHLORDANE 0.5 ND
TOXAPHENE 1.0 ND
AROCHLQR-1016 0.5 ND
AROCHLOR-1221 0.5 ND
AROCHLOR-1232 0.5 ND
AROCHLOR-1242 0.5 ND
AROCHLOR-1248 0.5 ND
AROCHLOR-1254 1.0 ND
AROCHLOR-1260 1.0 ND

QA/8C SURROGATE RECOVERIES

DIBUTYLCHLORENDATE (24-154) 82*

ND = NOT DETECTED ABOVE QUANTITATION LIMIT
J = ESTIMATED VALUE: CONCENTRATION BELOW LIMIT OF QUANTITATION
B = ANALYTE DETECTED IN BLANK AS WELL AS SAMPLE
* = SURROGATE RECOVERY OUTSIDE OF QC LIMITS



2700 W. Albany . Suite "C" . Broken Arrow, Oklahoma 74012 . 918-251-2858

•1ENT: DAMES 4 MOORE
11701 BORMAN DRIVE, SUITE 340
ST. LOUIS, MO 63146
ATTN: DAVID PURINGTON

SAMPLE MATRIX: WATER
SULO H 2397.03
DATE SUBMITTED: 04-18-90
DATE ANALYZED : 04-18-90
METHOD REFERENCE: SW846-8240, EPA METHODOLOGY
PROJECT: 19943 - 002; FORD EARTH CITY
SAMPLE ID: MU108

REPORT: 2397.03V

DATE: 05-08-90

RESULTS REPORTED IN ug/L OR Parts Per Billion (PPB)

niOLATILES
i

JHLOROMETHANE

ROMOflETHANE
VINYL CHLORIDE

'ftHLOROETHANE
METHYLENE CHLORIDE
ACETONE«ARSON DISULFIDE
,1-DICHLOROETHENE
,1-DICHLOROETHANE

TRANS-1,2-DICHLOROETHENE
CHLOROFORM
-•l,2-DICHLOROETHANE

J2-BUTANONE
•1,1,1-TRICHLOROETHANE
•CARBON TETRACHLORIDE
yiNYL ACETATE

.JBROMODICHLOROMETHANE

DET.
RESULTS VOLATILE5 LIHIT

10 ND 1,1,2,2-TETRACHLOROETHANE 5
10 ND 1,2-DICHLOROPROPANE 3
10 ND TRANS-1,3-DICHLOROPROPENE 5
10 ND TRICHLOROETHENE 5
5 15 B DIBROMOCHLOROMETHANE 5
10 ND 1,1,2-TRICHLOROETHANE 5
5 ND BENZENE 5
5 3 J CIS-1,3-DICHLOROPROPENE 5
5 ND 2-CHLOROETHYLVINYLETHER 10
5 ND BROMOFORM 5
5 ND 2-HEXANONE 10
5 ND 4-METHYL-2-PENTANONE 10
10 ND TETRACHLOROETHENE 5
5 ND TOLUENE 5
5 ND CHLOROBENZENE 5
10 ND ETHYLBENZENE 5
5 ND STYRENE 3

TOTAL XYLENES 3

OA/QC SURROGATE RECOVERIES

RESULTS

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

lTOLUENE-d8(88-110) 100* BROMOFLUOROBENZENE(86-113) l,2-DICHLOROETHANE-d4(76-114) 103*

JND = NOT DETECTED ABOVE QUANTITATION LIMIT
-J = ESTIMATED VALUE: CONCENTRATION BELOW LIMIT OF QUANTITATION
J = ANALYTE DETECTED IN BLANK AS WELL AS SAMPLE
[* = SURROGATE RECOVERY OUTSIDE OF QC LIMITS



SOUTHWEST LABORATORY OF OKLAHOMA, INC.
1700 W. Albany . Suite "C" . Broken Arrow, Oklahoma 74012 . 918-251-2858

& MOORE
BORflAN DRIVE, SUITE 340

LOUIS, HO 63146
DAVID PURIK1GTON

HATRIX: WATER
D » 2397.03

-r§D REF.: SU846-8270, EPA METHODOLOGY
:OBCT: 19943 - 002; FORD EARTH CITY
~PLE ID: HU108

aKVOLATILES

^-CHLOROETHYL)ETHER
""HLOROPHENOL
JblCHLOROBENZENE
,4B>ICHLOROBENZENE
=^ZYL ALCOHOL

•CICHLOROBENZENE
:™THYLPHENOL
IS(2-CHLOROISOPROPYL)ETHER
iTHYLPHENOL

-*TROSO-DI-n-PROPYLAPlINE
E5WCHLOROETHANE
"ROBENZENE

JHORONE
TROPHENOL

-fl-DIMETHYLPHENOL
gf QIC ACID

rfl 2-CHLOROETHOXY)METHANE
."DICHLOROPHENOL
^4-TRICHLOROBENZENE

^HTHALENE
-WLORO ANILINE
"ACHLOROBUTADIENE
ftLORO-3-METHYLPHENQL

:-TiTHYLNAPHTHALENE
:EXACHLOROCYCLOPENTADIENE

6-TRICHLOROPHENOL
5-TRICHLOROPHENOL

[ITROANILINE
ITHYLPHTHALATE
APHTHYLENE

JsWlTROANILINE

DET.
LIHIT

10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
50
10
10
10
10
10
10
10
10
10
10
50
10
50
10
10
50

RESULTS
(UQ/L)

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

» REPORT: 2397.03B

DATEl 05-08-90

DATE SUBMITTED:
DATE EXTRACTED:
DATE ANALYZED :

SEHIVOLATILES

ACENAPHTHENE
2,4-DINITROPHENOL
4-NITROPHENOL
DIBENZOFURAN
2,4-DINITROTOLUENE
2,6-DINITROTOLUENE
DIETHYLPHTHALATE
4-CHLOROPHENYL-PHENYLETHER
FLUORENE
4-NITROANILINE
4,6-DINITRO 2-P1ETHYLPHENOL
N-NITROSODIPHENYLA(1INE (1)
4-BROflOPHENYL-PHENYLETHER
HEXACHLOROBENZENE
PENTACHLOROPHENOL
PHENANTHRENE
ANTHRACENE
DI-N-BUTYLPHTHALATE
FLUORANTHENE
PYRENE
BUTYLBEKIZYLPHTHALATE
3,3-DICHLOROBENZIDINE
BENZO(A)ANTHRACENE
BIS(2-ETHYLHEXYL)PHTHALATE
CHRYSENE
DI-N-OCTYL PHTHALATE
BENZO(B)FLUORANTHENE
BENZO(K)FLUORANTHENE
BENZO(A)PYRENE
INDENO(1,2,3-CD)PYRENE
DIBENZ(A,H)ANTHRACENE
BENZO(G,H,I)PERYLENE

04-18-90
04-19-90
04-24-90

f

DET.
LIHIT

10
50
50
10
10
10
10
10
10
50
50
10
10
10
10
10
10
10
10
10
10
20
10
10
10
10
10
10
10
10
10
10

RESULTS
fao/Ll

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

OA/OC SURROGATE RECOVERIES

ROBENZENE-d5(35-114) 78:-: 2-FLUOROBIPHENYL(43-116)
15 (10-94) 42:.' 2-FLUOROPHENOL (21-100)

j
T_

i

TERPHENYL-dl4 (33-141)
9:: 2,4,6-TRIBROnOPHENOL(10-l23)

= NOT DETECTED ABOVE GUANTITATION LIHIT
= ESTinATED VALUE: CONCENTRATION BELOW LIHIT OF QUANTITATION
= ANALYTE DETECTED IN BLANK AS WELL AS SAP1PLE
= SURROGATE RECOVERY OUTSIDE OF OC LIMITS
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SOUTHWEST LABORATORY OF OKLAHOMA, INC.
1700 W. Albany . Suite "C" . Broken Arrow, Oklahoma 74012 . 918-251-2858

DAMES & MOORE
11701 BORMAN DRIVE, SUITE 340
ST. LOUIS, 110 63146
ATTN: DAVID PURINGTON

REPORT: 2397.06V

DATE: 05-08-90

SAMPLE MATRIX:
SULO H 2397.06
DATE SUBMITTED:
DATE ANALYZED :

WATER

04-18-90
04-18-90

METHOD REFERENCE: SU846-8240, EPA METHODOLOGY
PROJECT: 19943 - 002; FORD EARTH CITY
SAMPLE ID: TR-2

RESULTS REPORTED IN uq/L OR Parts Per Billion (PPB)

3LATILE5

~CHLOROMETHANE
-aROriOMETHANE
• iNYL CHLORIDE
THLOROETHANE

.^METHYLENE CHLORIDE
•CETONE

-•ARBON DISULFIDE
1,1-DICHLOROETHENE

J.l-DICHLOROETHANE
RANS-1,2-DICHLOROETHENE

CHLOROFORM
^1,2-DICHLOROETHANE
•2-BUTANONE
•"l f 1,1-TRICHLOROETHANE

CARBON TETRACHLORIDE
/INYL ACETATE
3ROMODICHLOROMETHANE

DET.
LIMIT RESULTS

__TOLUENE-d8(88-110)

I

I

1

1

I

DET.
VDLATILES LIMIT RESULTS

1,1,2,2-TETRACHLOROETHANE 5 ND
1,2-DICHLOROPROPANE 5 ND
TRANS-1,3-DICHLOROPROPENE 5 ND
TRICHLOROETHENE 5 ND
DIBROMOCHLOROMETHANE 5 ND
1,1,2-TRICHLOROETHANE 5 ND
BENZENE 5 ND
CIS-1,3-DICHLOROPROPENE 5 ND
2-CHLOROETHYLVINYLETHER 10 ND
BROMOFORM 5 ND
2-HEXANONE 10 ND
4-METHYL-2-PENTANONE 10 ND
TETRACHLOROETHENE S ND
TOLUENE 5 ND
CHLOROBENZENE 3 ND
ETHYLBENZENE 5 ND
STYRENE 5 ND
TOTAL XYLENES 5 ND

QA/QC SURROGATE RECOVERIES

BROMOFLUOROBENZENE( 86-115) 97* l,2-DICHLOROETHANE-d4(76-114) 106V.

10
10
10
10
5
10
5
5
5
5
5
5
10
5
5
10
5

ND
ND
ND
ND

18 B
2 JB

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

ND = NOT DETECTED ABOVE QUANTITATION LIMIT
J = ESTIMATED VALUE: CONCENTRATION BELOW LIMIT OF QUANTITATION
B = ANALYTE DETECTED IN BLANK AS WELL AS SAMPLE
* = SURROGATE RECOVERY OUTSIDE OF QC LIMITS



SOUTHWEST LABORATORY OJb
7700 W. Albany . Suite "C" . Broken Arrow, Oklahoma 74012 . 918-251-2858

ANALYTICAL REPORT

1
4

IS & MOORE
701 Borman Drive
Louis. Missouri 63149

REPORT: G2704

REPORT DATE: 05/03/90

,0 IDENTIFICATION

'AMPLE NO. :
LIE RECEIVED:

2397.01 - 2397.06
04/18/90

I
DE

i
:SCRIPTIQN

THOD BLANK 05/01/90
THOD BLANK 05/01/90

JLANK SPIKE
LANK SPIKE

.BLANK SPIKE
UANK SPIKEf
1
• • ••

i

I

05/01/90
05/01/90
05/01/90
05/01/90

PARAMETER

LEAD
THALLIUM

LEAD
LEAD
THALLIUM
THALLIUM

RESULTS

<3

99%
98%
98%
95%

ug/L
ug/L

RECOVERY
RECOVERY
RECOVERY
RECOVERY



I

I

SOUTHWEST LABORATORY U*
W. Albany . Suite "C" . Broken Arrow, Oklahoma 74012 . 918-251-2858

"llENTi DAMES & MOORE
• 11701 BORMAN DRIVE, SUITE 340

I ST. LOUIS, MO 63146
-• ATTN: DAVID PURINGTON

1
I

SAMPLE MATRIXJ WATER
SWLO # 2397.03 (MS/MSD)
SAMPLE ID: MW108 (MS/MSD)

REPORT: 62704.2

DATE: 03-08-90

HERBICIDE MATRIX SPIKE/MATRIX SPIKE DUPLICATE RESULTS

~L SPIKE ADDED AMT. FOUND AMT. FOUND
"• (ug/L) SMP. (ug/L) MS (ug/L)

JL4-D 166.7 0 129.5
K,4,5-TP (SILVEX) 16.7 0 14.8

MS
PERCENT
RECOVERY

77.7
88.6

1
i1
2,4-D
12,4,5-TP (SILVEX)

AMT. FOUND
MSD (ug/L)

124.8
14.3

MSD
PERCENT
RECOVERY

74.9
85.6

RECOVERY PERCENT
DIFFERENCE

3.7
3.4

1
I
1
1
i



JL ii Y T OiiO A

1700 W. Albany Suite "C . Broken Arrow, Oklahoma 74012 . 918-251-2858

I

i
I
l
i
i
i
l

I'CLIENT: DANES & MOORE
11701 BORMAN DRIVE, SUITE 340
ST. LOUIS, HO 63146
ATTN: DAVID PURINGTON

SAMPLE MATRIX: WATER
SULO « METHOD BLANK
DATE SUBMITTED: 04-18-90
DATE EXTRACTED: 04-19-90
DATE ANALYZED : 05-02-90
METHOD REFERENCE: SU846-80BO, EPA METHODOLOGY
SAMPLE ID: BLANK

REPORT: G2704.3

DATE: 03-08-90

I
!
i
i
i
l
l

RESULTS REPORTED IN uq/L OR Parts Per Billion (PPB)

PESTICIDES/PCS'5 DETECTION LIMIT RESULTS

ALPHA-BHC
BETA-BHC
DELTA-BHC
GAMMA-BHCUINDANE)
HEPTACHLOR
ALDRIN
HEPTACHLOR EPOXIDE
ENDOSULFAN I
DIELDRIN
4,4-DDE
ENDRIN
ENDOSULFAN II
4,4-DDD
ENDOSULFAN SULFATE
4,4-DDT
METHOXYCHLOR
ENDRIN KETONE
ALPHA-CHLORDANE
GAMMA-CHLORDANE
TOXAPHENE
AROCHLOR-1016
AROCHLOR-1221
AROCHLOR-1232
AROCHLOR-1242
AROCHLOR-1248
AROCHLOR-1234
AROCHLOR-1260

0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.5
0.1
0.5
0.5
1.0
0.5
0.3
0.5
0.5
0.3
1.0
1.0

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

QA/QC SURROGATE RECOVERIES

DIBUTYLCHLORENDATE (24-154) 95*

ND = NOT DETECTED ABOVE QUANTITATION LIMIT
J = ESTIMATED VALUE: CONCENTRATION BELOW LIMIT OF QUANTITATION
B = ANALYTE DETECTED IN BLANK AS WELL AS SAMPLE
* = SURROGATE RECOVERY OUTSIDE OF QC LIMITS



A AJL. T Y

1700 W. Albany . Suite "C" . Broken Arrow, Oklahoma 74012 . 918-251-2858

lIENTi DAMES & MOORE
11701 BORMAN DRIVE, SUITE 340
ST. LOUIS, MO 63146
ATTN: DAVE PURINGTON

REPORT: 62704.4

DATE: 05-08-90

SAMPLE MATRIX: WATER
SWLO # 2397.01 (MS/MSD)
DATE SUBMITTED: 04-18-90
PROJECT: 19943 - 002; FORD EARTH CITY
SAMPLE ID: MW110 (MS/MSD)

i PESTICIDE MATRIX SPIKE/MATRIX SPIKE DUPLICATE RESULTS

1 SPIKE ADDED AMT. FOUND (SAMPLE) AMT
-.? (ug/L) (ug/L)

1
• •

—

MMA-BHC
1EPTACHLOR
ILDRIN
IIELDRIN
NDRIN
,4 '-DDT

iAMMA-BHC
IEPTACHLOR
ILDRIN
(IELDRIN

"""JNDRIN
»,4'-DDT

0.40 0
0.40 0
0 . 40 0
1.00 0
1.00 0
1.00 0

AMT. FOUND (MSD)
(ug/L)

O 4O\* • ~V

0.41
0.38
1.10
1.10
1.20

MSD
PERCENT
RECOVERY

1OO OVX W »«/ . V /.

102.57.
95.0V.
110.07.
110.07.
120.07.

MS
. FOUND (MS) PERCENT
(ug/L) RECOVERY

0.45
0.44
0.43
1.20
1.30
1.30

RELATIVE
PERCENT
DIFFERENCE

U B7• B /•

7 . 17.7.
12.37.
8.77.
16.77.
8.07.

112.57.
110.07.
107 . 57.
120 . 07.
130.07.
130 . 07.

1ii



SOUTHWEST LABORATORY OF (JiLLAJtujiviA,
1700 W. Albany . Suite "C" . Broken Arrow, Oklahoma 74012 . 918-251-2858

.IENT: DAMES & MOORE
• 11701 BORMAN DRIVE, SUITE 340
I ST. LOUIS, MO 63146

ATTN: DAVID PURINGTON

I SAMPLE MATRIX: WATER
SWLO K METHOD BLANK

I DATE ANALYZED : 04-18-90
METHOD REFERENCE: SUB46-B240, EPA METHODOLOGY
PROJECT: 19943 - 002; FORD EARTH CITY
SAMPLE ID: METHOD BLANK

REPORT: G2704.5

DATE: 05-08-90

RESULTS REPORTED IN ug/L OR Parts Per Billion (PPB)

ULATILES

kLOROMETHANE
OMOMETHANE

rflNYL CHLORIDE

tLOROETHANE
THYLENE CHLORIDE
ETONE

("IRBON DISULFIDE
1-DICHLOROETHENE
.1-DICHLOROETHANE

TRANS-1,2-DICHLOROETHENE
WLOROFORM
1,2-DICHLOROETHANE
2-BUTANONE

(,1,1-TRICHLOROETHANE
ARSON TETRACHLORIDE
INYL ACETATE

JROMODICHLOROMETHANE

i
I

DET. DET.
LIMIT RESULTS VOLATILES LIHIT RESULTS

10 ND 1,1,2,2-TETRACHLOROETHANE 5 ND
10 ND 1,2-DICHLOROPROPANE 5 ND
10 ND TRANS-1,3-DICHLOROPROPENE 5 ND
10 ND TRICHLORQETHENE 5 ND
5 10 DIBROMOCHLOROMETHANE 5 ND
10 3 J 1,1,2-TRICHLOROETHANE 5 ND
5 ND BENZENE 5 ND
5 ND CIS-1,3-DICHLOROPROPENE 5 ND
5 ND 2-CHLOROETHYLVINYLETHER 10 ND
5 ND BROMOFORM 5 ND
5 ND 2-HEXANONE 10 ND
5 ND 4-METHYL-2-PENTANONE 10 ND
10 ND TETRACHLOROETHENE 5 ND
5 ND TOLUENE 5 ND
5 ND CHLOROBENZENE 5 ND
10 ND ETHYLBENZENE 5 ND
5 ND STYRENE 5 ND

TOTAL XYLENES 5 ND

GA/GC SURROGATE RECOVERIES

OLUENE-dB(88-110) 100* BROMOFLUOROBENZENE(86-115) 86* l,2-DICHLOROETHANE-d4(76-114) 95*

= NOT DETECTED ABOVE QUANTITATION LIMIT
=« ESTIMATED VALUE: CONCENTRATION BELOW LIMIT OF QUANTITATION

ANALYTE DETECTED IN BLANK AS WELL AS SAMPLE
SURROGATE RECOVERY OUTSIDE OF QC LIMITS

l
i
i



IENT: DAMES & MOORE
11701 BORMAN DRIVE, SUITE 340
ST. LOUIS, MO 63146
ATTN: DAVID PURINGTON

I
I
I
I
I
I
IDLATILES

OV^T \J JLJLJL » I JL-ikJ A. ^-u.^-^^-.—

7700 W. Albany . Suite "C" . Broken Arrow, Oklahoma 74012 . 918-251-2858

REPORT: 62704.6

DATE: 05-08-90

SAMPLE MATRIX: WATER
SULO M METHOD BLANK
DATE ANALYZED : 04-20-90
METHOD REFERENCE: SW846-8240, EPA METHODOLOGY
PROJECT: 19943 - 002j FORD EARTH CITY
SAMPLE ID: METHOD BLANK

RESULTS REPORTED IN ug/L OR Parts Per Billion (PPB)

DET.
LIMIT RESULTS

CHLOROMETHANE

IROMOMETHANE
INYL CHLORIDE

•CHLOROETHANE

IETHYLENE CHLORIDE
CETONE

,CARBON DISULFIDE

<,1-DICHLOROETHENE
,1-DICHLOROETHANE
RANS-1,2-DICHLOROETHENE

'CHLOROFORM
§,2-DICHLOROETHANE

-BUTANONE
.1,1,1-TRICHLOROETHANE
ICARBON TETRACHLORIDE
•/INYL ACETATE
^BROMODICHLOROMETHANE

10
10
10
10
5
10
5
5
5
5
5
5
10
5
5
10
5

ND
ND
ND
ND

4 3
4 J

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

I
i
1
I
i
i

VOLATILE5

1,1,2,2-TETRACHLOROETHANE
1,2-DICHLOROPROPANE
TRANS-1,3-DICHLOROPROPENE
TRICHLOROETHENE
DIBROMOCHLOROMETHANE
1,1,2-TRICHLOROETHANE
BENZENE
CIS-1,3-DICHLOROPROPENE
2-CHLOROETHYLVINYLETHER
BROMOFORM
2-HEXANONE
4-METHYL-2-PENTANONE
TETRACHLOROETHENE
TOLUENE
CHLOROBENZENE
ETHYLBENZENE
STYRENE
TOTAL XYLENES

DET.
LIHIT RESULTS

5
5
3
5
5
5
5
5
10
3
10
10
5
5
5
5
5
5

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

OA/QC SURROGATE RECOVERIES

OLUENE-d8(88-110) 99* BROMOFLUOROBENZENE(86-115) 94* l,2-DICHLOROETHANE-d4(76-114) 97*

ND = NOT DETECTED ABOVE QUANTITATION LIMIT
J = ESTIMATED VALUE: CONCENTRATION BELOW LIMIT OF QUANTITATION
B = ANALYTE DETECTED IN BLANK AS WELL AS SAMPLE
* = SURROGATE RECOVERY OUTSIDE OF QC LIMITS



I
I
I
i
i
i
t

SOUTH Wild! iuAJDUKAJLVJJM
1700 W. Albany . Suite "C" . Broken Arrow, Oklahoma 74012 . 918-251-2858

:NT: DAMES & flOORE REPORT: G2704.7
11701 BORMAN DRIVE, SUITE 340
ST. LOUIS, MO 63146 DATE: 05-08-90
ATTN: DAVE PURINGTON

SAMPLE MATRIX: WATER
SULO » 2397.05 (MS/MSD)
DATE SUBMITTED: 04-18-90
SAMPLE ID: MU104 (MS/USD)

HATER VOLATILE MATRIX SPIKE/HATRIX SPIKE DUPLICATE RECOVERY

SPIKE SAMPLE
ADDED CONCENTRATION
(ua/L) fun/Li

MS
CONCENTRATION

(ua/LJ

US
PERCENT
RECOVERY

QC
LIHITS

4-DICHLOROETHENE
•CHLOROETHENE
•ZENE
iLUENE
iOROBENZENE

I
I

50 0 58
50 0 54
50 0 '60
50 0 57
50 0 54

SPIKE USD HSD
ADDED CONCENTRATION PERCENT
(ua/L) (ua/L) RECOVERY

116
108
120
114
108

61
71
76
76
75

145
120
127
125
130

PERCENT
RPD

QC LIHITS
RPD REC.

-DICHLOROETHENE
UCHLOROETHENE

IZENE
UENE
OROBEKIZEhJE

50
50
50
50
50

56
54
57
56
54

102
108
114
112
108

4
0
5"
2
0

14 61
14 71
11 76
13 76
13 75

145
120
127
125
130

M.UES OUTSIDE OF QC LIMITS

I

I

I



I
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SOUTHWEST LABORATORY OF OKLAHOMA, INC.
1700 W. Albany . Suite "C" . Broken Arrow, Oklaitoma 74012 . 918-251-2858

SB «OORE
AN DRIVE, SUITE

LOUIS, MO 63146
UlDAVID PURINGTON

340

I
IE MATRIX: WATER

iHETHOD BLANK
REF.: SU846-8270, EPA METHODOLOGY

19943 - 002; FORD EARTH CITY
ID: HETHOD BLANK

1
••VDLATILES

m
2-CHLOROETHYL) ETHER

ilAROPHENOL
<flcHLOROBENZENE
•pfcHLOROBENZENE

J ALCOHOL
CHLOROBENZENE
YLPHENOL

' 2-CHLOROI SOPROP YL ) ETHER

IYLPHENQL
OSO-DI-n-PROPYLAMINE

•CHLOROETHANE
:QfENZENE
••RONE
:T!OPHENOL
•DIMETHYLPHENOL
AC ACID
.•-CHLOROETHOXY ) METHANE
-DICHLOROPHENOL

§TRICHLOROBENZENE
ALENE

•1LOROANILINE
^LOROBUTADIENE
MORO-3-METHYLPHENOL
tTOYLNAPHTHALENE

CLOROCYCLOPENTADIENE
TRICHLOROPHENOL
TRICHLOROPHENOL

HLORONAPHTHALENE

IROANILINE
HYLPHTHALATE

'.NAPHTHYLENE
VRQANILINE

DET.
LIMIT

10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
50
10
10
10
10
10
10
10
10
10
10
50
10
50
10
10
50

RESULTS
(UQ/Ll

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

REPORT: 62704.8

DATE: 05-08-90

DATE EXTRACTED: 04-19-90
DATE ANALYZED : 04-23-90

SEHIVOLATILES

ACENAPHTHENE
2,4-DINITROPHENOL
4-NITROPHENOL
DIBENZOFURAN
2,4-DINITROTOLUENE
2,6-DINITROTOLUENE
DIETHYLPHTHALATE
4-CHLOROPHENYL-PHENYLETHER
FLUORENE
4-NITROANILINE
4,6-DINITRO 2-flETHYLPHENOL
N-NITROSODIPHENYLAPIINE(1)
4-BRQI10PHENYL-PHENYLETHER
HEXACHLOROBENZENE
PENTACHLOROPHENOL
PHENANTHRENE
ANTHRACENE
DI-N-BUTYLPHTHALATE
FLUORANTHENE
PYRENE
BUTYLBENZYLPHTHALATE
3,3-DICHLOROBENZIDINE
BENZO<A)ANTHRACENE
BIS(2-ETHYLHEXYL)PHTHALATE
CHRYSENE
DI-N-OCTYL PHTHALATE
BENZO(B)FLUORANTHENE
BENZO(K)FLUORANTHENE
BENZO(A)PYRENE
INDENOd, 2,3-CD) PYRENE
DIBENZ(A,H)ANTHRACENE
BENZO(G,H,I)PERYLENE

DET. RESULTS
LIMIT (ug/Ll

10
50
50
10
10
10
10
10
10
50
50
10
10
10
10
10
10
10
10
10
10
20
10
10
10
10
10
10
10
10
10
10

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

12
ND
ND
ND
ND
ND
ND
ND
ND

QA/OC SURROGATE RECOVERIES

:NZENE-d5(35-114) 78': 2-FLUOROBIPHENYL(43-116) 695
:.NOL-ti5 (10-94) 88:: 2-FLUOROPHENOL (21-100) 695

1

TERPHENYL-dl4 (33-141) 94::
2,4,6-TRIBROnOPHENOL(10-123) 8IX

"* NOT DETECTED ABOVE QUANTITATION LIHIT

t EBTIHATED VALUE: CONCENTRATION BELOW LIMIT OF'QUANTITATION
ANALYTE DETECTED IN BLANK AS WELL AS SAHPLE
SURROGATE RECOVERY OUTSIDE OF QC LIMITS



I
SOUTHWEST LABORATORY OF OKLAHOMA,

1700 W. Albany . Suite "C" . Broken Arrow, Oklahoma 74012 . 918-251-2858

K & MOORE
BORMAN DRIVE, SUITE 340

LOUIS, HO 63146
DAVID PURINGTON

MATRIX: WATER
M METHOD BLANK
3D REF.: SW846-8270, EPA METHODOLOGY
ICT: 19943 - 002; FORD EARTH CITY

JPLE ID: METHOD BLANK

VOLATILE5

IOL
2-CHLOROETHYL)ETHER
iLOROPHENOL
DICHLOROBENZENE
DICHLOROBENZENE
YL ALCOHOL
DICHLOROBENZENE
THYLPHENOL

p(2-CHLOROISOPROPYL)ETHER
THYLPHENOL
TROSO-DI-n-PROPYLAMINE

'ACHLOROETHANE
OBENZENE
HORONE
TROPHENOL

f-DIMETHYLPHENOL
•ZOIC ACID
|(2-CHLOROETHOXY)METHANE
4-DICHLOROPHENOL
*,4-TRICHLOROBENZENE
•HTHALENE
"HLOROANILINE

tACHLOROBUTADIENE
HLORO-3-METHYLPHENOL
ETHYLNAPHTHALENE

f<ACHLOROCYCLOPENTADIENE
,6-TRICHLOROPHENOL

__ |5-TRICHLOROPHENOL
-CHLORONAPHTHALENE
JNITROANILINE
•1ETHYLPHTHALATE
WiNAPHTHYLENE

iNITROANILINEi
i
i
T

SET.
LIMIT

10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
50
10
10
10
10
10
10
10
10
10
10
50
10
50
10
10
50

RESULTS
(uo/L)

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

REPORT: G2704.9

DATE: 05-08-90

DATE EXTRACTED: 04-24-90
DATE ANALYZED : 04-25-90

SEMIVOLATILES

ACENAPHTHENE
2,4-DINITROPHENOL
4-NITROPHENOL
DIBENZOFURAN
2,4-DINITROTOLUENE
2,6-DINITROTOLUENE
DIETHYLPHTHALATE
4-CHLOROPHENYL-PHENYLETHER
FLUORENE
4-NITROANILINE
4.6-DINITR0.2-METHYLPHENOL
N-NITROSODIPHENYLAHINE(1)
4-BROMOPHENYL-PHENYLETHER
HEXACHLOROBENZENE
PENTACHLOROPHENOL
PHENANTHRENE
ANTHRACENE
DI-N-BUTYLPHTHALATE
FLUORANTHENE
PYRENE
BUTYLBENZYLPHTHALATE
3,3-DICHLOROBENZIDINE
BENZO(A)ANTHRACENE
BIS(2-ETHYLHEXYL)PHTHALATE
CHRYSENE
DI-N-OCTYL PHTHALATE
BENZO(B)FLUORANTHENE
BENZO(K)FLUORANTHENE
BENZO(A)PYRENE
INDENO(1,2,3-CD)PYRENE
DIBENZCA,H)ANTHRACENE
BENZO(G,H,I)PERYLENE

DET. RESULTS
LIMIT

10
50
50
10
10
10
10
10
10
50
50
10
10
10
10
10
10
10
10
10
10
20
10
10
10
10
10
10
10
10
10
10

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

|
TROBENZENE-d5(35-114)
ENOL-d5 (10-94)

601:
37:;

OA/OC SURROGATE RECOVERIES

2-FLUOROBlPHENYL(43-116) 58M
2-FLUOROPHENOL (21-100) 41S

TERPHENYL-dl4 (
2,4,6-TRIBROMOPHENOL(

33-141) BO*
10-123) 65:-:

NOT DETECTED ABOVE QUANTITATION LIMIT
ESTIMATED VALUE: CONCENTRATION BELQU LIMIT OF QUANTITATION
ANALYTE DETECTED IN BLANK AS WELL AS SAMPLE
SURROGATE RECOVERY OUTSIDE OF QC LIMITS



U 1 XlVYHiOX
.7700 W.

V>X'.
Suite "C" . fl/oten Xmw, Oklahoma 74012 . 918-251-2858

CENT: DAMES 4 MOORE
11701 BORtlAN DRIVE, SUITE 340
ST. LOUIS, MO 63146

REPORT: 62704.10

DATE: 05-08-90

1

1

1
1jj

ATTN: DAVID PURINGTON

SAMPLE MATRIX: WATER
SWLO » 2397.02 (MS/MSD)
DATE SUBMITTED: 04-18-90
DATE EXTRACTED: 04-19-90
DATE ANALYZED : 04-24-90
METHOD REFERENCE: SU846-B270, EPA METHODOLOGY
PROJECT: 19943 - 002; FORD EARTH CITY
SAMPLE ID: MW102 (MS/MSD)

SOIL SEMIVOLATILE MATRIX SPIKE/MATRIX SPIKE DUPLICATE RECOVERY

1POUND

SPIKE SAMPLE
ADDED . CONCENTRATION
(ua/L> (ua/L)

|NOL 200 o
:HLOROPHENOL 200 o
l-DICHLOROBENZENE 100 0
llTROSC-ai-n-PROPYLAniNE 100 0
!,4-TRICHLOROBENZENE 100 0
iHLORO-3-METHYLPHENOL 200 0
NAPHTHENE 100 0
ITROPHENOL 200 0
l-DINITROTOLUENE 100 0
JTACHLOROPHENOL 200 0
|ENE 100 o

i SPIKE BSD
ADDED CONCENTRATION

(POUND (uo/Kai (ua/Kai

NOL 200
:HLOROPHENOL 200
8-DICHLOROBENZENE 100
llTROSO-di-n-PROPYLAMINE 100
5,4-TRICHLOROBENZENE 100

8HLORO-3-METHYLPHENOL
NAPHTHENE
ITROPHENOL

i-DINITROTOLUENE
TACHLOROPHENOL
ENE

200
100
200
100
200
100

123
116
76
SO
70
119
77
188
86
117
79

US MS
CONCENTRATION PERCENT
• (ua/L> RECOVERY

115
120
67
56
68
122
78
179
90
104
78

HSD
PERCENT
RECOVERY

62
58
76
50
70
60
77
94*
86
58
79

58
60
67
56
68
61
78
90*
90
52
78

PERCENT QC
RPD RPD

7
3
12
11
3
2
1
4
4
11
1

35
50
27
38
23
33
19
50
47
47
36

r

QC
LIMITS
RECOVERY

26 - 90
25 - 102
28 - 104
41 - 126
38 - 107
26 - 103
31 - 137
11 - 114
28 - 89
17 - 109
35 - 142

LIMITS
RECOVERY

26
25
28
41
38
26
31
11
28
17
35

- 90
- 102
- 104
- 126
- 107
- 103
- 137
- 114
- 89
- 109
- 142

1
1

LUES OUTSIDE OF QC LIMITS



SOUTHWEST LABORATORY
OF OKLAHOMA, INC.

I

I
I

i,

i

I
I

•••

I
I
I

May 3, 1990

Dave Purington
DAMES & MOORE
11701 Eorman Drive
St. Louis, MO 63146

Project: Earth City

Dear Mr. Purington:

Enclosed are the analytical results for your samples
received in cur laboratory on April 13, 1990, fcr the above-
captioned project.

If, in your review, you should have any questions or rsquire
additional information, please call.

Sincerely,

Randy Staggs
Project Manager

RS/lk

Enclosures

DAMES & MOORE

MAY 04 1990

ST. LOUIS. MISSOURI

1700 WEST ALBANY. SUITE C • BROKEN ARROW. OK 74012
(918)251-2858 • FAX (918) 251-2599
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SOUTHWEST LABORATORY OF OKLAHOMA, INC.
2700 W. Albany . Suite "C" . Broken Arrow, Oklahoma 74012 . 918-251-2858

CLIENT: DAMES & MOORE
11701 BORMAN DRIVE
ST. LOUIS, MISSOURI 63149
ATTN: DAVE PURINGTON

SAMPLE MATRIX: SOIL
SWLO # 2371.01
DATE SUBMITTED: 04-13-90
PROJECT: EARTH CITY
SAMPLE ID: BKG

DET.

REPORT: 2371.01MT

DATE: 05-03-90

PARAMETER LIMIT UNIT RESULTS
DATE
ANALYZED

METHOD
REFERENCE

TOTAL CYANIDES

TOTAL METALS

ARSENIC
LEAD
MERCURY
SELENIUM
THALLIUM
ANTIMONY
BERYLLIUM
CADMIUM
CHROMIUM
COPPER
NICKEL
SILVER
ZINC

1.0 ug/Kg

2.0
0.6
0.1
0.4
0.4
6.0
1.0
1.0
1.0
2.0
2.0
2.0
2.0

mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg

ND

5. SO
17.4
ND
ND
ND
6.9
ND
1.1
14.5
24.0
18.0
ND
61.6

04-27-90 SM 412D

04-25-90
04-19-90
04-18-90
04-24-90
04-19-90
04-19-90
04-19-90
04-19-90
04-19-90
04-19-90
04-19-90
04-19-90
04-19-90

SW 7060
SW 7421
SW 7471
SW 7740
SW 7841
SW 6010
SW 6010
SW 6010
SW 6010
SW 6010
SW 6010
SW 6010
SW 6010

ND
SW

SM

NOT DETECTED ABOVE QUANTITATION LIMIT
TEST METHODS FOR EVALUATING SOLID WASTE, EPA PUBLICATION #SW846,
THIRD EDITION, NOVEMBER 1986
STANDARD METHODS FOR THE EXAMINATION OF WATER AND WASTEWATER,
16TH EDITION, 1985

i-



SOUTHWEST .LABORATORY OF OKLAHOMA, INC
1700 W. Albany . Suite T . Broken Arrow, Oklahoma 74012 . 918-251-2858

XIENT: DAMES & MOORE, INC.
11701 BORMAN DRIVE
ST. LOUIS, MO 63149
ATTN: DAVID PURINGTON

SAMPLE MATRIX: SOIL
SWLO # 2371.01
DATE SUBMITTED: 04-13-90
PROJECT: EARTH CITY
SAMPLE ID: BKG

REPORT: 2371.0IT

DATE: 05-03-90

PARAMETER
DET.
LIMIT UNIT RESULTS

DATE
EXTRACTED

DATE
ANALYZED

METHOD
REFERENCE

FOTAL EXTRACTflBLE HYDROCARBONS

3ASOLINE
(IESEL
KEROSENE
JP-4
JAPTHA

.0

. 0

. 0

.0
1.0

BUNKER C/*6 FUEL OIL 1.0
IISCELLANEOUS (1) 1.0

mg/Kg
mg/Kg
mg/Kg
mg/Kg
mg/Kg
mg/Kg
mg/Kg

ND
ND
ND
ND
ND
ND
14.9

04-19-90
04-19-90
04-19-90
04-19-90
04-19-90
04-19-90
04-19-90

04-20
04-20
04-20
04-20
04-20
04-20
04-20

90
90
90
90
90
90
90

GC/FID
GC/FID
GC/FID
GC/FID
GC/FID
GC/FID
GC/FID

i
i1
i
i
i
i1

<i>

I'D

QA/QC SURROGATE R_ECDVERY

NAPHTHALENE 102'/.

ANALYSIS SHOWS MISCELLANEOUS PEAKS WHICH CANNOT BE IDENTIFIED AS
ANY SPECIFIC PATTERN. THE RESPONSE FACTOR FOR DIESEL WAS USED.
NOT DETECTED ABOVE QUANTITATION LIMIT
COMPOUND FOUND IN BLANK AS WELL AS SAMPLE
ESTIMATED VALUE: CONCENTRATION BELOW LIMIT OF QUANTITATION
UNABLE TO QUANTITATE DUE TO MATRIX INTERFERENCE



i
i
1
i
i
i
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SOUTHWEST.LABORATORY OF OKLAHOMA, INC.
1700 W. Albany . Suite '€" . Broken Arrow, Oklahoma 74012 . 918-251-2858

IENT: DAMES & MOORE, INC. REPORT: 2371.OiH
11701 BORMAN DRIVE
ST. LOUIS, MO 63149 DATE: 05-03-90
ATTN: DAVID PURINGTON

SAMPLE MATRIX: SOIL
SWLO * 2371.01
DATE SUBMITTED: 04-13-90
DATE EXTRACTED: 04-27-90
DATE ANALYZED: 05-02-90
PROJECT: EARTH CITY
METHOD REFERENCE: SWS46-B150, EPA METHODOLOGY
SAMPLE ID: BKG

RESULTS REPORTED IN ug/Kg OR Parts Per Billion

§ERBICIDES

i~.4-D,4,5-TP (SILVEX)

I

j

i
V

DET.
LIMIT UNIT •

80.0 ug/Kg
10.0 ug/Kg

-QA/QC SURROGATE RECOVERY

2,4,5-T (10-98) 94.2V.

RESULTS

ND
ND

= NOT DETECTED ABOVE QUANTITATION LIMIT
J = ESTIMATED VALUE: CONCENTRATION BELOW LIMIT OF QUANTITATION
• J = ANALYTE DETECTED IN BLANK AS WELL AS SAMPLE
B-fc » SURROGATE RECOVERY OUTSIDE OF QC LIMITS

i
i



J SOUTHWEST LABORATORY OF OKLAHOMA, INC.
1700 W. Albany . Suite "C . Broken Arrow, Oklahoma 74012 . 918-251-2828

UIENT: DAMES ft MOORE, INC. REPORT: 2̂ 71.01P

i 11701 BORMAN DRIVE
ST. LOUIS, MO 63149 • DATE: 05-03-90
ATTN: DAVID PURINGTON

J SAMPLE MATRIX: SOIL
• SULO H 2371.01
™ DATE SUBMITTED: 04-13-90

J DATE EXTRACTED: 04-17-90
DATE ANALYZED : 05-02-90
METHOD REFERENCE: SU846-B080, EPA METHODOLOGY
PROJECT: EARTH CITY
SAMPLE ID: BKGi

i
i
i
i
i
i
I
I
i
V
i
9
i
i

RESULTS REPORTED IN uq/Kg OR Parts Per Billion (PPB)

pESTICIDES/PCB'S DETECTION LIMIT RESULTS

ALPHA-BHC 17.2 ND
BETA-BHC 17.2 ND
GAMMA-BHC(LINDANE) 17.2 ND
DELTA-BHC 17.2 ND
HEPTACHLOR 17.2 ND
ALDRIN 17.2 ND
HEPTACHLOR EPOXIDE 17.2 ND
ENDOSULFAN I 17.2 ND
4,4-DDE 17.2 ND
DIELDRIN 34.5 ND
ENDRIN 34.5 ND
ENDOSULFAN II 34.5 ND
4,4-DDD 34.5 ND
ENDOSULFAN SULFATE 34.5 ND
4,4-DDT 34.5 ND
ENDRIN KETONE 34.5 ND
METHOXYCHLOR 172.4 ND .
ALPHA-CHLORDANE 172.4 ND
GAMMA-CHLORDANE 172.4 ND
TOXAPHENE 344.8 ND
AROCHLOR-1221 172.4 ND
AROCHLOR-1232 172.4 ND
AROCHLOR-1242 172.4 ND
AROCHLOR-1016 . 172.4 ND
AROCHLOR-1248 172.4 ND
AROCHLOR-1254 344.8 ND
AROCHLOR-1260 344.8 ND

QA/QC SURROGATE RECOVERIES

DIBUTYLCHLORENDATE (24-150) 89?:

ND = NOT DETECTED ABOVE QUANTITATION LIMIT
J = ESTIMATED VALUE: CONCENTRATION BELOW LIMIT OF QUANTITATION
B = ANALYTE DETECTED IN BLANK AS WELL AS SAMPLE
* = SURROGATE RECOVERY OUTSIDE OF QC LIMITS '



SOUTHWEST JLABORATORY OF OKLAHOMA, IMC
1700 W. Albany . Suite "C" . Broken Arrow, Oklahoma 74012 . 918-251-2858

& MOORE, INC.
|i BORHAN DRIVE
[LOUIS, MO 63149
: DAVID PURINGTON

LE MATRIX: SOIL
_ H 2371.01
(OD REF.: SU846-8270, EPA METHODOLOGY

F: EARTH CITY
LE ID: BKG

REPORT: 2371.01B

DATE: 05-03-90

tVOLATILES

MOL
fz-CHLOROETHYL)ETHER
•ILOROPHENOL
-DICHLOROBENZENE
-DICHLOROBENZENE
ZYL ALCOHOL
-DICHLOROBENZENE
ETHYLPHENOL

[(2-CHLOROISOPROPYL)ETHER
IETHYLPHENOL
JlTROSO-DI-n-PROPYLAMINE
IACHLOROETHANE
IROBENZENE
IPHORONE
llTROPHENOL
'-DIMETHYLPHENOL
ZOIC ACID
(2-CHLOROETHOXY)METHANE
S-DICHLOROPHENOL
),4-TRICHLOROBENZENE
fHTHALENE
PHLOROANILINE
lACHLOROBUTADIENE
iHLORO-3-METHYLPHENOL
BETHYLNAPHTHALENE
'fACHLOROCYCLOPENTADIENE
1,6-TRICHLOROPHENOL
*,5-TRICHLOROPHENOL
:HLORONAPHTHALENE

"}>ITROANILINE
•1ETHYLPHTHALATE

IENAPHTHYLENE
«TROANILINE

DET. RESULTS
LIMIT (up/Kg)

660
660
660
660
660
660
660
660
660
660
660
660
660
660
660
660
3200
660
660
660
660
660
660
660
660
660
660
3200
660
3200
660
660
3200

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
KID
ND
ND
ND

DATE SUBMITTED:
DATE EXTRACTED:
DATE ANALYZED :

04-13-90
04-17-90
04-26-90

SEHIVOLATILES

ACENAPHTHENE
2,4-DINITROPHENOL
4-NITROPHENOL
DIBENZOFURAN
2,4-DINITROTOLUENE
2,6-DINITROTOLUENE
DIETHYLPHTHALATE
4-CHLOROPHE.NYL-PHENYLETHER
FLUORENE
4-NITROANILINE
4,6-DINITRO -2-nETHYLPHENOL
N-NITROSODIPHENYLAMINE(l)
4-BROMOPHENYL-PHENYLETHER
HEXACHLOROBENZENE
PENTACHLOROPHENOL
PHENANTHRENE
ANTHRACENE
DI-N-BUTYLPHTHALATE
FLUORANTHENE
PYRENE
BUTYLBENZYLPHTHALATE
3.3-DICHLOROBENZIDINE
BENZO(A)ANTHRACENE
BIS(2-ETHYLHEXYL)PHTHALATE
CHRYSENE
DI-N-OCTYL PHTHALATE
BENZO(B)FLUORANTHENE
BENZO(K)FLUORANTHENE
BENZO(A)PYRENE
INDENOd, 2,3-CD) PYRENE
DIBENZ(A,H)ANTHRACENE
BENZO(G,H,I)PERYLENE

DET. RESULTS
LIMIT (UQ/KQ)

660
3200
3200
660
660
660
660
660
660
3200
3200
660
660
660
660
660
660
660
660
660
660
1320
660
660
660
660
660
660
660
660
660
660

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

. ND
ND
ND
ND
ND
ND

ETRODENZENE-d5(23-120) 73*
EWOL-d5 (24-113) 85:.'

QA/QC SURROGATE RECOVERIES

2-FLUOROBIPHENYL(30-115) 79*
2-FLLIORDFHENOL (25-121) 69?:

TERPHENYL-dl4 (18-137) 83:
2,4,6-TRIBROMOPHENOL(19-l22) 83?

• = MOT DETECTED ABOVE QUANTITATION LIMIT
5L = ESTIMATED VALUE: CONCENTRATION BELOW LIMIT OF QUANTITATION

= ANALYTE DETECTED IN BLANK AS WELL AS SAMPLE
•• - olIRR'JBATF. TvECOVERY OUTSIDE OF GC LIMITS



SOUTHWEST LABORATORY OF OKLAHOMA, INC.
1700 W. Albany . Suite "C" . Broken Arrow, Oklahoma 74012 • 918-221-2858

IENT: DAMES & MOORE
11701 BORMAN DRIVE

REPORT: 2371.02MT

i ST. LOUIS, MISSOURI 63149
ATTN: DAVE PURINGTON

SAMPLE MATRIX: SOIL
jL SWLO # 2371.02
•• DATE SUBMITTED: 04-13-90
™ PROJECT: EARTH CITY
i S AMPLE I D : S 4

— PARAMETER

•|TOTAL CYANIDES

ILTOTAL METALS

•ARSENIC

1LEAD
MERCURY
SELENIUM

_ THALLIUM
1 ANTIMONY
• BERYLLIUM

CADMIUM

iCHROMIUM
COPPER
NICKEL

§ SILVER
ZINC

i
I

DET.
LIMIT

1.0

2.0
0.6
0.1
0.4
0.4
6.0
1.0
1.0
1.0
2.0
2.0
2.0
2.0

UNIT

ug/Kg

mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg

RESULTS

ND

5.60
17.8

- 0.18
ND
ND
6.7
ND
ND
13.1
23.0
16.3
ND
56.8

DATE : C

f

DATE
ANALYZED

04-27-90

04-25-90
04-19-90
04-18-90
04-24-90
04-19-90
04-19-90
04-19-90
04-19-90
04-19-90
04-19-90
04-19-90
04-19-90
04-19-90

J5-03-90

METHOD
REFERENCE

SM 412D

SW 7060
SW 7421
SW 7471
SW 7740
SW 7841
SW 6010
SW 6010
SW 6010
SW 6010
SW 6010
SW 6010
SW 6010
SW 6010

I
I
i
i
i

ND
SW

SM

= NOT DETECTED ABOVE QUANTITATION LIMIT
= TEST METHODS FOR EVALUATING SOLID WASTE, EPA PUBLICATION #SW846,

THIRD EDITION, NOVEMBER 1986
= STANDARD METHODS FOR THE EXAMINATION OF WATER AND WASTEWATER,

16TH EDITION, 1985



SOUTHWEST IABOKATORY OF
1700 W. Albany . Suite "C . Broken Arrow, Oklahoma 74012 . 918-251-2858

.IENT: DAMES & MOORE, INC.
11701 BORMAN DRIVE
ST. LOUIS, MO 63149
ATTN: DAVID PURINSTON

SAMPLE MATRIX: SOIL
SWLO tt 2371.02
DATE SUBMITTED: 04-13-90
PROJECT: EARTH CITY
SAMPLE ID: S4

REPORT: 2371.02T

DATE: 05-03-90

fARAMETER
DET.
LIMIT UNIT RESULTS

DATE DATE METHOD
EXTRACTED ANALYZED REFERENCE

jOTAL EXTRACTABLE HYDROCARBONS

BASOLINE
DIESEL
JEROSENE
• P-4
MARTHA
"fUNKER C/S6 FUEL OIL
JlISCELLANECUS (1)

1.0
1.0
1.0
1.0
1.0
1.0
1.0

mg/Kg
mg/Kg
mg/Kg
mg/Kg
mg/Kg
mg/Kg
mg/Kg

ND
ND
ND
ND
ND
ND
6.:

04-19-90
04-19-90
04-19-90
04-19-90
04-19-90
04-19—90
04-19-90

04-20-90
04-20-90
04-20-90
04-20-90
04-20-90
04-20-90
04-20-90

GC/FID
GC/FID
GC/FID
GC/FID
GC/FID
GC/FID
GC/FID

QA/QC SURROGATE RECOVERY

NAPHTHALENE 1007.

ANALYSIS SHOWS MISCELLANEOUS PEAKS WHICH CANNOT BE IDENTIFIED AS
ANY SPECIFIC PATTERN. THE RESPONSE FACTOR FOR DIESEL WAS USED.
NOT DETECTED ABOVE QUANTITATION LIMIT
COMPOUND FOUND IN BLANK AS WELL AS SAMPLE
ESTIMATED VALUE: CONCENTRATION BELOW LIMIT OF QUANTITATION
UNABLE TO QUANTITATE DUE TO MATRIX INTERFERENCE
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SOUTHWEST JLABORATORY OF OKLAHOMA, INC.
1700 W. Albany . Suite "C" . Broken Arrow, Oklahoma 74012 . 918-251-2858

\

DAMES & MOORE, INC. REPORT: 2371. 02H
11701 BORMAN DRIVE
ST. LOUIS, MO 63149 DATE: 05-03-90
ATTN: DAVID PURINGTON

SAMPLE MATRIX: SOIL
SWLQ # 2371.02
DATE SUBMITTED: 04-13-90
DATE EXTRACTED: 04-27-90
DATE ANALYZED: 05-02-90
PROJECT: EARTH CITY
METHOD REFERENCE: SW846-B150, EPA METHODOLOGY
SAMPLE ID: S4

RESULTS REPORTED IN ug/Kg OR Parts Per Billion

DET.
RBICIDES LIMIT UNIT . RESULTS

2,4-D
&4.5-TP

80.0 ug/Kg ND
(SILVEX) 10.0 ug/Kg ND

r

•*

M

1
Imi

QA/QC SURROGATE RECOVERY

2,4,5-T (10-98) 92.37.

D = NOT DETECTED ABOVE QUANTITATION LIMIT
- ESTIMATED VALUE: CONCENTRATION BELOW LIMIT OF QUANTITATION
= ANALYTE DETECTED IN BLANK AS WELL AS SAMPLE
- SURROGATE RECOVERY OUTSIDE OF QC LIMITS

I
!•

I
»M

I
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OKLAHOMA, INC.
1700 W. Albany . Suite "C" . Broken Arrow, Oklahoma 74012 . 918-251-2858

IENT: DAMES 4 MOORE, INC. REPORT: 2371.02P
11701 BORMAN DRIVE
ST. LOUIS, MO 63149 DATE: 05-03-90
ATTN: DAVID PURINGTON

SAMPLE MATRIX: SOIL
SULO » 2371.02
DATE SUBMITTED: 04-13-90
DATE EXTRACTED: 04-17-90
DATE ANALYZED : 05-02-90
METHOD REFERENCE: SU846-8080, EPA METHODOLOGY
PROJECT: EARTH CITY
SAMPLE ID: 54

RESULTS REPORTED IN ug/Kq OR Parts Per Billion (PPB)

PESTICIDES/PCB'S DETECTION LIMIT RESULTS

ALPHA-BHC 23.6 ND
BETA-BHC 23.6 ND
GAMMA-BHC(LINDANE) 23.6 ND
DELTA-BHC 23.6 ND
HEPTACHLOR 23.6 • ND
ALDRIN 23.6 ND
HEPTACHLOR EPOXIDE 23.6 ND
ENDOSULFAN I 23.6 ND
4,4-DDE 23.6 ND
DIELDRIN 47.2 ND
ENDftIN 47.2 ND
ENDOSULFAN II 47.2 ND
4,4-DDD 47.2 ND
ENDOSULFAN SULFATE 47.2 ND
4,4-DDT 47.2 ND
ENDRIN KETONE 47.2 ND
METHOXYCHLOR 236.0 ND
ALPHA-CHLORDANE 236.0 ND
GAMMA-CHLORDANE 236.0 ND
TOXAPHENE 472.0 ND
AROCHLOR-1221 236.0 ND
AROCHLOR-1232 236.0 ND
AROCHLOR-1242 236.0 ND
AROCHLOR-1016 236.0 ND
AROCHLOR-1248 236.0 ND
AROCHLOR-1254 472.0 ND
AROCHLOR-1260 472.0 ND

QA/QC SURROGATE RECOVERIES

DIBUTYLCHLORENDATE (24-150) 88':

ND = NOT DETECTED ABOVE G1UANTITATION LIMIT
J = ESTIMATED VALUE: CONCENTRATION BELOW LIMIT OF QUANTITATION
B = ANALYTE DETECTED IN BLANK AS WELL AS SAMPLE
* = SURROGATE RECOVERY OUTSIDE OF QC LIMITS



•
SOUTHWEST JLABORATORY OF OKLAHOMA, INC.

1700 W. Albany . Suite "C" • Broken Arrow, Oklahoma 74012 . 918-251-2858

IP
I
& MOORE, INC.
BORMAN DRIVE
IUIS, HO 63149
DAVID PURINGTON

IPLE MATRIX: SOIL
2371.02

_ REF.: SU846-B270, EPA METHODOLOGY
JJECT: EARTH CITY

ID: 54

DET. RESULTS
LIMIT {ao/Ka)«IVDLATILE5

S(2-CHLOROETHYL)ETHER
.OROPHENOL

_iICHLOROBENZENE
4-DICHLOROBENZENE

,YL ALCOHOL
ICHLOROBENZENE
'HYLPHENOL»2-CHLOROISOPROPYL) ETHER

THYLPHENOL
TROSO-DI-n-PROPYLAMINE

XACHLOROETHANE
HOBENZENE
•HORONE

•"ftlTROPHENOL

f DIMETHYLFHEMOL
QIC ACID
2-CHLOROETHOXY)METHANE

.4-DICHLOROPHENOL
»,4-TRICHLOROBENZENE
^THALENE
-CHLOROANILINE

1ACHLOROBUTADIENE
HLORQ-3-METHYLPHENOL
ETHYLNAPHTHALENE

EXACHLOROCYCLOPENTADIENE
V, 6-TRICHLOROPHE'NOL
.•,5-TRICHLOROPHENOL
>CHLQRONAPHTHALENE

8ITROANILINE
ETHYLPHTHALATE
NAPHTHYLENE

fiNITROANILINE

I

•̂ M̂UĤ Â

660
660
660
660
660
660
660
660
660
660
660
660
660
660
660
660
3200
660
660
660
660
660
660
660
660
660
660
3200
660
3200
660
660
3200

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

140 . J
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

REPORT: 2371.02B

DATE: 05-03-90

DATE SUBMITTED: 04-13-90
DATE EXTRACTED: 04-17-90
DATE ANALYZED : 04-26-90

SEMIVOLATILES

ACENAPHTHENE
2,4-DINITROPHENOL
4-NITROPHENOL
DIBENZOFURAN
2,4-DINITROTOLUENE
2,6-DINITROTOLUENE
DIETHYLPHTHALATE
4-CHLOROPHENYL-PHENYLETHER
FLUORENE
4-NITROANILINE
4,6-DINITRO -2-METHYLPHENOL
N-NITROSODIPHENYLAMINE(1)
4-BROMOPHENYL-PHENYLETHER
HEXACHLORQBENZENE
PENTACHLOROF'HENCL
PHENANTHRENE
ANTHRACENE
DI-N-BUTYLPHTHALATE
FLUORANTHENE
PYRENE
BUTYLBENZYLPHTHALATE
3,3-DICHLOROBENZIDINE
BENZO(A)ANTHRACENE
BIS(2-ETHYLHEXYL)PHTHALATE
CHRYSENE
DI-N-OCTYL PHTHALATE
BENZO(B)FLUORANTHENE
BENZO<K)FLUORANTHENE
BENZO(A)PYRENE
INDENO(1,2,3-CD)PYRENE
DIBENZ(A,H)ANTHRACENE
BENZO(G,H,I)PERYLENE

DET. RESULTS
LIMIT

660
3200
3200
660
660
660
660
660
660
3200
3200
660
660
660
660
660
660
660
660
660
660
1320
660
660
660
660
660
660
660
660
660
660

ND
ND
ND
ND
ND
ND

65
ND
ND
ND
ND
ND
ND
ND
ND

40
ND

100
ND

30
50
ND
ND

190
ND
ND
ND
ND
ND
ND
ND
ND

J

J

J

J
J

J

QA/QC SURROGATE RECOVERIES

•"ROBENZEJME-d 5 (23-120) 83* 2-FLUORO&IPHENYL(30-115) 88;: TERPHENYL-dl4 (13-137) 86'
'•HENOL-d5 (24-113) 96?: 2-FLUOROPHENOL (25-121) 80'S 2,4,6-TRIBROMOPHENOLt 19-122) 103'

I

8 MOT DETECTED ABOVE C5UANTITATION LIMIT
= ESTIMATED VALUE: CONCENTRATION BELOW LIMIT OF CHJANTITATION
= ANALYTE DETECTED I Si BLANK AS WELL AS SAMPLE

ATE RF.COVE--' 1UTSIDE OF QC LIMITS



SOUTHWEST LABORATORY OF OKLAHOMA, INC.
1700 W. Albany . Suite *C" . Broken Arrow, Oklahoma 74012 . 918-251-2858

1
i
i
i
i
i
i
i
i

CLIENT: DAMES & MOORE
11701 BORMAN DRIVE
ST. LOUIS, MISSOURI 63149
ATTN: DAVE PURINGTON

SAMPLE MATRIX: SOIL
SWLO ft 2371.03
DATE SUBMITTED: 04-13-90
PROJECT: EARTH CITY
SAMPLE ID: S3

DET.
PARAMETER L.IMIT U.NJT

REPORT: 2371.03MT

DATE: 05-03-90

RESULTS
DATE
ANALYZED

METHOD
REFERENCE

TOTAL CYANIDES

TOTAL METALS

ARSENIC
LEAD
MERCURY
SELENIUM
THALLIUM
ANTIMONY
BERYLLIUM
CADMIUM
CHROMIUM
COPPER
NICKEL
SILVER
ZINC

1.0

2.0
0.6
0.1
0.4
0.4
6.0
1.0
1.0
1.0
2.0
2.0
2.0
2.0

ug/Kg

mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg

ND

2.12
12.4
ND
ND
ND
ND
ND
ND
5.5
15.2
9.7
ND
*TH Qw^ • O

04-27-90 SM 412D

04-25-90
04-19-90
04-18-90
04-24-90
04-19-90
04-19-90
04-19-90
04-19-90
04-19-90
04-19-90
04-19-90
04-19-90
04-19-90

SW 7060
SW 7421
SW 7471
SW 7740
SW 7841
SW 6010
SW 6010
SW 6010
SW 6010
SW 6010
SW 6010
SW 6010
SW 6010

1

1

I

NOT DETECTED ABOVE DUANTITATION LIMIT
TEST METHODS FOR EVALUATING SOLID WASTE, EPA PUBLICATION #SW846,
THIRD EDITION, NOVEMBER 1986
STANDARD METHODS FOR THE EXAMINATION OF WATER AND WASTEWATER,
16TH EDITION, 1985



SOUTHWESTJABORATORY OF OKLAHOMA, IMC.
1700 W. Albany . Suite "C" . Broken Arrow, Oklahoma 74012 . 918-251-2858

:LIENT.- DAMES & MOORE, INC.
11701 BORMAN DRIVE
ST. LOUIS, MO 63149
ATTN: DAVID PURINGTON

SAMPLE MATRIX: SOIL
SWLO * 2371.03
DATE SUBMITTED: 04-13-90
PROJECT: EARTH CITY
SAMPLE ID: S3

REPORT: 2371.03T

DATE: 05-03-90

DET.
LIMIT UNIT

iTGTAL EXTRACTABLE HYDROCARBONS

•GASOLINE
"DIESEL
JKEROSENE
•JP-4
•NAPTHA i

J3UNKER C/fc6 FUEL OIL 1
MISCELLANEOUS (1) 1.0

1,
1,
1,
1,

DATE
EXTRACTED

DATE
ANAL

mg/Kg
mg / Kg
mg/Kg
mg/Kg
mg/Kg
mg/Kg
mg/Kg

ND
ND
ND
ND
ND
ND
12.0

04-19-90
04-19-90
04-19-90
04-19-90
04-19-90
04-19-90
04-19-90

04-21
04-21
04-21
04-21
04-21
04-21
04-21

90
90
90
90
90
90
90

GC/FID
GC/FID
GC/FID
GC/FID
GC/FID
GC/FID
GC/FID

QA/QC SURROGATE RECOVERY

NAPHTHALENE 1007.

ANALYSIS SHOWS MISCELLANEOUS PEAKS WHICH CANNOT BE IDENTIFIED AS
ANY SPECIFIC PATTERN. THE RESPONSE FACTOR FOR DIESEL WAS USED.
NOT DETECTED ABOVE OUANTITATION LIMIT
COMPOUND FOUND IN BLANK AS WELL AS SAMPLE
ESTIMATED VALUE: CONCENTRATION BELOW LIMIT OF QUANTITATION
UNABLE TO QUANTITATE DUE TO MATRIX INTERFERENCE



I
I
I

SOUTHWEST JLABORATORY OF OKLAHOMA, INC.
1700 W. Albany . Suite "C" . Broken Arrow, Oklahoma 74012 • 918-252-2858

-IENT:

I

I

I

1

I

DAMES & MOORE, INC.
11701 BORMAN DRIVE
ST. LOUIS, MO 63149
ATTN: DAVID PURINGTON

SAMPLE MATRIX: SOIL
SWLO # 2371.03
DATE SUBMITTED! 04-13-90
DATE EXTRACTED: 04-27-90
DATE ANALYZED: 05-02-90
PROJECT: EARTH CITY
METHOD REFERENCE: SW846-8150, EPA METHODOLOGY
SAMPLE ID: S3

RESULTS REPORTED IN ug/Kg OR Parts Per Billion

REPORT: 2371.03H

DATE: 05-03-90

DET.
LIMIT UNIT RESULTS

I

I

I

I

I

iai
l

4-D
4,5-TP (SILVEX)

80.0
10.0

ug/Kg
ug/Kg

ND
ND

QA/OC SURROGATE RECOVERY,

2,4,5-T (10-98) 91.97.

NOT DETECTED ABOVE QUANTITATION LIMIT
ESTIMATED VALUE: CONCENTRATION BELOW LIMIT OF QUANTITATION
ANALYTE DETECTED IN BLANK AS WELL AS SAMPLE
SURROGATE RECOVERY OUTSIDE OF QC LIMITS



I
SOUTHWEST LABORATORY OF OKLAHOMA, INC.

1700 W. Albany . Suite "C" . Broken Arrow, Oklahoma 74012 . 918-251-2858

;NT: DANES & MOORE, INC. REPORT: 2371.03P
11701 BORMAN DRIVE
ST. LOUIS, HO 63149 DATE: 05-03-90
ATTN: DAVID PURINGTONi

| SAMPLE MATRIX: SOIL

I
SULO * 2371.03
DATE SUBMITTED: 04-13-90
DATE EXTRACTED: 04-17-90

]• DATE ANALYZED : 05-02-90
METHOD REFERENCE: SW846-B080, EPA METHODOLOGY
PROJECT: EARTH CITY
SAMPLE ID: S3

RESULTS REPORTED IN ug/Kg OR Parts Per Billion (PPB)

PESTICIDES/PCB'S DETECTION LIMIT RESULTS

ALPHA-BHC 19.0- ND
BETA-BHC 19.0 ND
GAnriA-BHC(LINDANE) 19.0 ND
DELTA-BHC 19.0 ND
HEPTACHLOR 19.0 ND
ALDRIN 19.0 " ND
HEPTACHLOR EPOXIDE 19.0 ND
ENDOSULFAN I 19.0 ND
4,4-DDE 19.0 ND
DIELDRIN 38.0 ND
ENDRIN 38.0 ND
ENDOSULFAN II 33.0 ND
4,4-DDD 38.0 ND
ENDOSULFAN SULFATE 38.0 ND
4,4-DDT 38.0 ND
ENDRIN KETONE 38.0 ND
METHOXYCHLOR 190.2 ND
ALPHA-CHLORDANE 190.2 ND
GAMMA-CHLORDANE 190.2 ND
TOXAPHENE 380.5 ND
AROCHLOR-1221 190.2 ND
AROCHLOR-1232 190.2 ND
AROCHLOR-1242 190.2 ND
AROCHLOR-1016 190.2 ND
AROCHLOR-1248 190.2 ND
AROCHLOR-1254 380.5 ND
AROCHLOR-1260 380.5 ND

QA/QC SURROGATE RECOVERIES

DIBUTYLCHLORENDATE (24-150) 81S

ND = NOT DETECTED ABOVE GUANTITATION LIMIT
J = ESTIMATED VALUE: CONCENTRATION BELOW LIMIT OF QUANTITATION
B = ANALYTE DETECTED IN BLANK AS WELL AS SAMPLE
* = SURROGATE RECOVERY OUTSIDE OF QC LIMITS



1700 W. Albany . Suite "C"
V^r

Broken Arrow, Oklahoma 74012 918-251-2858

IES 4 MOORE, INC.
|01 BORMAN DRIVE
LOUIS, MO 63149

|N: DAVID PURINGTON

IPLE HATRIX: SOIL
H 2371.03

HOD REF.: SU846-8270, EPA METHODOLOGY
IJECT: EARTH CITY
fpLE ID: S3

DET. RESULTS
LIMIT (uQ/Ka)

5(2-CHLOROETHYL)ETHER
tHLOROPHENOL
G-DICHLOROBENZENE
h-DICHLOROBENZENE
MZYL ALCOHOL
t-DICHLOROBENZENE
[lETHYLPHENOL
5(2-CHLOROISOPROPYL)ETHER
hETHYLPHENOL
UITROSO-DI-n-PROPYLAMINE
KACHLOROETHANE
fROBENZENE
QPHORONE
UTROPHENOL

_*-DIMETHYLPHENOL
TlZOIC ACID
Js (2-CHLOROETHOXY)METHANE
W-DICHLOROPHENOL
T?,4-TRICHLOROBENZENE
^HTHALENE

•CHLOROANILINE
•XACHLOROBUTADIENE

:HLORO-3-«ETHYLPHENOL
JlETHYLNAPHTHALENE
<ACHLOROCYCLOPENTADIENE

,6-TRICHLOROPHENOL
',5-TRICHLOROPHENOL

ICHLORONAPHTHALENE
JNITROAMILINE
IHETHYLPHTHALATE
pNAPHTHYLENE
HlTROANILINE

REPORT: 2371.03B

DATE: 05-03-90

660
660
660
660
660
660
660
660
660
660
660
660
660
660
660
660
3200
660
660
660
660
660
660
660
660
660
660
3200
660
3200
660
660
3200

KID
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

33 J
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

DATE SUBMITTED:
DATE EXTRACTED:
DATE ANALYZED :

04-13-90
04-17-90
04-26-90

SEHIVOLATILE5

ACENAPHTHENE
2,4-DINITROPHENOL
4-NITROPHENOL
DIBENZOFURAN
2,4-DINITROTOLUENE
2,6-DINITROTOLUENE
DIETHYLPHTHALATE
4-CHLOROPHENYL-PHENYLETHER
FLUORENE
4-NITROANILINE
4,6-DINITRO 2-METHYLPHENOL
N-NITROSODIPHENYLAMINE(l)
4-BROMOPHENYL-PHENYLETHER
HEXACHLOROBENZENE
PENTACHLOROPHENOL
PHENANTHRENE
ANTHRACENE
DI-N-BUTYLPHTHALATE
FLUORANTHENE
PYRENE
BUTYLBENZYLPHTHALATE
3,3-DICHLORQBENZIDINE
BENZO(A)ANTHRACENE
BIS(2-ETHYLHEXYL)PHTHALATE
CHRYSENE
DI-N-OCTYL PHTHALATE
BENZO(B)FLUORANTHENE
BENZO(K)FLUORANTHENE
BENZO(A)PYRENE
INDENOd, 2,3-CD) PYRENE
DIBENZ(A,H)ANTHRACENE
BENZO(G,H,I)PERYLENE

DET. RESULTS
LIMIT (UQ/KQ)

660
3200
3200
660
660
660
660
660
660
3200
3200
660
660
660
660
660
660
660
660
660
660
1320
660
660
660
660
660
660
660
660
660
660

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

30
ND

10
40
50
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

J

J
J
J

OA/QC SURROGATE RECOVERIES

|TROBENZENE-d5(23-120) 70* 2-FLUOROBIPHENYLC30-115) 71*
ptNOL-<J5 (24-113) 83:: 2-FLUOROPHENOL (25-121) 67:-:

TERPHENYL-dl4 (18-137) 90'
2,4,6-TRIBROf10PHENOL(l9-122) 79?

- NOT DETECTED ABOVE OUANTITATION LIMIT
- ESTlhATED VALUE: CONCENTRATION BELOW LIMIT OF QUANTITATION
- HNAL'rTE DETECTED IN BLANK AS WELL AS SAMPLE
- ECSVeSY OUTSIDE OF QC LIMITS



J SOUTHWEST ̂LABORATORY OF OKLAHOMA, INC
1700 W. Albany . Suite "C . Broken Arrow, Oklahoma 74012 . 918-251-2858

1

1
CLIENT: DAMES & MOORE

11701 BORMAN DRIVE
• ST. LOUIS, MISSOURI 63149
•• ATTN: DAVE PURIN6TON

I S AMPLE MATRIX: SOIL
SWLO # 2371.04
DATE SUBMITTED: 04-13-90

^ PROJECT: EARTH CITY
• SAMPLE ID: COMP. 2

DET.

REPORT:

DATE:

. I

DATE

1PARAMETER LIMIT UNIT RESULTS ANALYZED

TOTAL CYANIDES 1.0 ug/Kg ND

[TOTAL METALS

— ARSENIC 2.0 mg/kg 7.41
• LEAD 0.6 mg/kg . 15.9
•MERCURY o.i mg/kg ND
SELENIUM 0.4 mg/kg ND

•
THALLIUM 0.4 mg/kg ND
ANTIMONY 6.0 mg/kg 7.4
BERYLLIUM 1.0 mg/kg ND

1 CADMIUM 1.0 mg/kg ND
CHROMIUM 1.0 mg/kg 15.5
COPPER 2.0 mg/kg 25.0
NICKEL 2.0 mg/kg 19.2

• SILVER 2.0 mg/kg ND
• ZINC 2.0 mg/kg 57.4

1

1

1

1 ND = NOT DETECTED ABOVE QUANTITATION LIMIT
Sw = TEST METHODS FOR EVALUATING SOLID WASTE, EPA

THIRD EDITION, NOVEMBER 19B6

I
31*1 = STANDARD METHODS FOR THE EXAMINATION OF WATER

16TH EDITION, 19B5

1

1

04-27-90

04-25-90
04-19-90
04-1B-90
04-24-90
04-19-90
04-19-90
04-19-90
04-19-90
04-19-90
04-19-90
04-19-90
04-19-90
04-19-90

PUBLICATION

2371. 04MT

05-03-90

METHOD
REFERENCE

SM 412D

SW 7060
SW 7421
SW 7471
SW 7740
SW 7S41
SW 6010
SW 6010
SW 6010
SW 6010
SW 6010
SW 6010
SW 6010
SW 6010

#SWS46,

AND WASTEWATER.



SOUTHWESTJ^ABORATOKY UJb UISJLAJHLUJVIA,
1700 W. Albany . Suite "C" . Broken Arrow, Oklahoma 74012 . 918-251-2858

1

1

1

DAMES & MOORE
11701 BORMAN DRIVE, SUITE 340
ST. LOUIS, MO 63146
ATTN: DAVID PURINGTON

SAMPLE MATRIX: WATER
SWLO # 2397.05
DATE SUBMITTED: 04-18-90
PROJECT: 19943 - 002; FORD EARTH CITY
SAMPLE ID: MW104

REPORT: 2397.05M

DATE: 05-07-90

PARAMETER
DET.
LIMIT UNIT RESULTS

DATE
ANALYZED

METHOD
REFERENCE

CYANIDE
raL METALS

0.01 mg/L ND

^THALLIUM
ANTIMONY

••ERYLLIUM
CADMIUM

"CHROMIUM
JOPPER
UlCKEL

SILVER
INC

1
1
1
i
1
1
1

PA « #EPA600/4-79-020, MARCH 1985
* NOT DETECTED ABOVE QUANTITATION LIMIT

M = STANDARD METHOD, 16TH EDITION

04-27-90 SM 412D

10.0
3.0
0.2
5.0
10.0
30 . 0
5.0
5.0
5.0
10.0
10.0
10.0
10.0

ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L

ND
ND
ND
ND
ND
ND
ND
ND
ND
131
ND
ND
40.7

05-02-90
05-01-90
04-25-90
05-02-90
05-01-90
04-25-90
04-25-90
04-25-90
04-25-90
04-25-90
04-25-90
04-25-90
04-25-90

EPA
EPA
EPA
EPA
EPA
EPA
EPA
EPA
EPA
EPA
EPA
EPA
EPA

206 . 2
239.2
245.1
270.2
279.2
200 . 7
200 . 7
200 . 7
200 . 7
200.7
200.7
200.7
200.7



I
I

CKENT

I

I

I
t

I

SOUTHWEST LABORATORY OF OKLAHOMA, INC.
1700 W. Albany . Suite "C" • Broken Arrow, Oklahoma 74012 . 918-251-2858

DAMES & MOORE REPORT; 2397.04H
11701 BORMAN DRIVE, SUITE 340
ST. LOUIS, MO 63146 DATE: 05-08-90
ATTN: DAVID PURINGTON

SAMPLE MATRIX: WATER
SWLO # 2397.04
DATE SUBMITTED: 04-18-90
DATE EXTRACTED: 04-27-90
DATE ANALYZED: 05-03-90
METHOD REFERENCE: SW846-B150, EPA METHODOLOGY
PROJECT: 19943 - 002; FORD EARTH CITY
SAMPLE ID: MW103

RESULTS REPORTED IN ug/L OR Parts Per Billion

DET.
HERBICIDES LIMIT RESULTS

2,4-D 1.0 ND
2,4,5-TP (SILVEX) 0.2 ND

OA/OC SURROGATE RECOVERY

2,4,5-T (10-98) 84.5%

= NOT DETECTED ABOVE QUANTITATIDN LIMIT
= ESTIMATED VALUE: CONCENTRATION BELOW LIMIT OF QUANTITATION

|B = ANALYTE DETECTED IN BLANK AS WELL AS SAMPLE
» SURROGATE RECOVERY OUTSIDE OF DC LIMITS
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1

i
1
f
I
i
i
1
i
i
i
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SOUTHWEST JABORATORY OF OKLAHOMA, iIN<j.
1700 W. Albany . Suite "C" . Broken Arrow, Oklahoma 74012 . 918-251-2858

LIENT: DAMES & MOORE REPORT: 2397.05P
11701 BORMAN DRIVE, SUITE 340
ST. LOUIS, HO 63146 DATE: 05-08-90
ATTNi DAVID PURINGTON

SAMPLE MATRIX: WATER
SULO M 2397.03
DATE SUBMITTED: 04-18-90
DATE EXTRACTED: 04-19-90
DATE ANALYZED : 05-02-90
METHOD REFERENCE: SU846-8080, EPA METHODOLOGY
SAMPLE ID: MU104

RESULTS REPORTED IN ug/L OR Parts Per Billion (PPB)

PESTICIDES/PCB'S DETECTION LIMIT RESULTS

ALPHA-BHC 0.05 ND
BETA-BHC 0.05 ND
DELTA-BHC 0.05 ND
GAfinA-BHC(LINDANE) 0.05 ND
HEPTACHLOR 0.05 ND
ALDRIN 0.05 ND
HEPTACHLOR EPOXIDE 0.05 ' ND
ENDOSULFAN I 0.05 ND
DIELDRIN 0.1 ND
4,4-DDE 0.1 ND
ENDRIN 0.1 ND
ENDOSULFAN II 0.1 ND
4,4-DDD 0.1 ND
ENDOSULFAN SULFATE 0.1 ND
4,4-DDT 0.1 ND
METHOXYCHLOR 0.5 ND
ENDRIN KETONE 0.1 ND
ALPHA-CHLORDANE 0.5 ND
GAMMA-CHLORDANE 0.5 ND
TOXAPHENE 1.0 ND
AROCHLOR-1016 0.5 ND
AROCHLOR-1221 0.5 ND
AROCHLOR-1232 0.5 "NO
AROCHLOR-1242 0.5 ND
AROCHLOR-1248 0.5 ND
AROCHLOR-1254 1.0 ND
AROCHLOR-1260 1.0 ND

QA/QC SURROGATE RECOVERIES

DIBUTYLCHLORENDATE (24-154) 54*

ND = NOT DETECTED ABOVE QUANTITATION LIMIT
J = ESTIMATED VALUE: CONCENTRATION BELOW LIMIT OF QUANTITATION
B = ANALYTE DETECTED IN BLANK AS WELL AS SAMPLE
* = SURROGATE RECOVERY OUTSIDE OF QC LIMITS



V-fJ. V-rA«J-uajLAv-rj.Tjur*, *.*

1700 W. Albany . Suite 'C . Broken Arrow, Oklahoma 74012 . 918-251-2858

DANES 4 MOORE
11701 BORMAN DRIVE, SUITE 340
ST. LOUIS, HO 63146
ATTN: DAVID PURINGTON

SAMPLE MATRIX: WATER
SULO f» 2397.04
DATE SUBMITTED: 04-18-90
DATE ANALYZED : 04-20-90
METHOD REFERENCE: SU846-8240, EPA METHODOLOGY
PROJECT: 19943 - 002; FORD EARTH CITY
SAMPLE ID: MU103

REPORT: 2397.04V

DATE: 05-08-90

RESULTS REPORTED IN ug/L OR Parts Per Billion (PPB)

DET.
VOLATILE5 LIMIT RESULTS

1,1,2,2-TETRACHLOROETHANE 5 ND
1,2-DICHLORQPROPANE 5 ND
TRANS-1.3-DICHLOROPROPENE 5 ND
TRICHLOROETHENE 5 ND
DIBROMOCHLOROMETHANE 5 ND
1,1,2-TRICHLOROETHANE 5 ND
BENZENE 5 ND
CIS-1,3-DICHLOROPROPENE 5 ND
2-CHLOROETHYLVINYLETHER 10 ND
BROMOFORM 5 ND
2-HEXANONE 10 ND
4-METHYL-2-PENTANONE 10 ND
TETRACHLOROETHENE 3 ND
TOLUENE 3 8
CHLOROBENZENE 5 • ND
ETHYLBENZENE 5 2 J
STYRENE 3 ND
TOTAL XYLENES 5 10

I QA/QC SURROGATE RECOVERIES .

LUENE-d8(88-110) 99* BROMOFLUOROBENZENE(86-115) 94* l,2-DICHLOROETHANE-d4(76-114) 93*

uflCATILES

lOROMETHANE
8WMOMETHANE

SYL CHLORIDE
OROETHANE
HYLENE CHLORIDE

ACETONE
LtfON BISULFIDE

iM-DICHLOROETHDC
l^L-DICHLOROETHANE

fcANS-l,2-DICHLOROETHENE
.OROFORM
Z-DICHLOROETHANE

rBUTANONE
•1,1-TRICHLOROETHANE
JRBON TETRACHLORIDE
?NYL ACETATE
tOMODICHLOROPIETHANE

DET.
LIMIT RESULTS

10
10
10
10
5
10
5
5
5
5
5
5
10
5
5
10
5

26
17

ND
ND
ND
ND

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

B
B

1
1
I

NOT DETECTED ABOVE QUANTITATION LIMIT
ESTIMATED VALUE: CONCENTRATION BELOW LIMIT OF QUANTITATION
ANALYTE DETECTED IN BLANK AS WELL AS SAMPLE
SURROGATE RECOVERY OUTSIDE OF QC LIMITS



1
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SOUTHWEST LABORATORY OF OKLAHOMA, INC.
1700 W. Albany . Suite "C" . Broken Arrow, Oklahoma 74012 . 918-251-2858

•CLIENT: DAMES & MOORE, INC.
-3 11701 BORMAN DRIVE
• ST. LOUIS, MO 63149

"W ATTN: DAVID PURINGTON

•1 SAMPLE MATRIX: SOIL
-•I SWLO ft 2371.04

DATE SUBMITTED: 04-13-90
-i PROJECT: EARTH CITY

REPORT: 2371. 04T

DATE: 05-03-90

I

•j SAMPLE ID: COMP. 2

(•PARAMETER

'̂ TrOTAL EXTRACTABLE

[fm GASOLINE
1 --J3 IESEL
• KEROSENE
JHjP-4
i NAPTHA

PUNKER C/tt6 FUEL
1SCELLANEOUS (1)

LIMIT UNIT RESULTS
DATE
EXTRACTED

DATE
ANALYZED

METHOD
REFERENCE

HYDROCARBONS

1 . 0
1 . 0
1.0
1.0
1 . 0

OIL 1.0
1.0

mg/Kg
mg/Kg
mg/Kg
mg / Kg
mg/Kg
mg/Kg
mg/Kg

ND
ND
ND
ND
ND
ND
5.1

04-19-90
04-19-90
04-19-90
04-19-90
04-19-90
04-19-90
04-19-90

04-21-90
04-21-90
04-21-90
04-21-90
04.-21-90
04-21-90
04-21-90

GC/FID
GC/FID
GC/FID
GC/FID
GC/FID
GC/FID
GC/FID

QA/QC SURROGATE RECOVERY

NAPHTHALENE 957.

ANALYSIS SHOWS MISCELLANEOUS PEAKS WHICH CANNOT BE IDENTIFIED AS
ANY SPECIFIC PATTERN. THE RESPONSE FACTOR FOR DIESEL WAS USED.
NOT DETECTED ABOVE QUANTITATION LIMIT
COMPOUND FOUND IN BLANK AS WELL AS SAMPLE
ESTIMATED VALUE: CONCENTRATION BELOW LIMIT OF OUANTITATION
UNABLE TO QUANTITATE DUE TO MATRIX INTERFERENCE



SOUTHWJiSJL
1700 W. Albany . Suite "C" . Broken /Imw, Oklahoma 74012 . 918-251-2858

& MOORE
7<M BORMAN DRIVE, SUITE 340

lOUIS, MO 63146
J: DAVID PURINGTQN

HATRIX: WATER
H 2397.04

3D REF.: SU846-8270, EPA METHODOLOGY
[CT: 19943 - 002; FORD EARTH CITY

ID: MU103

b
DET. RESULTS

nLATILES LIHIT (uq/Ll

10 ND
J-CHLOROETHYL)ETHER 10 ND
<LOROPHENOL 10 ND

JICHLOROBENZENE 10 ND
JICHLOROBENZENE 10 ND

ALCOHOL 10 ND
J-DICHLOROBENZENE 10 ND

FHYLPHENOL 10 ND
;-CHLOROISOPROPYL)ETHER 10 ND

lETHYLPHENOL 10. ND
fcTROSO-DI-n-PROPYLAMINE 10 ND
:HLOROETHANE 10 ND
3BENZENE 10 ND
•IORONE 10 ND
FROPHENOL 10 ND
>IMETHYLPHENOL 10 ND

tZOIC ACID 50 ND
12-CHLOROETHOXY)METHANE 10 ND
IDICHLOROPHENOL 10 ND
^,4-TRICHLOROBENZENE 10 ND
iTHALENE 10 ND
PLOROANILINE 10 ND
kCHLOROBUTADIENE 10 ND
JLORO-3-METHYLPHENOL 10 ND
tTHYLNAPHTHALENE 10 ND
kHLOROCYCLOPENTADIENE 10 ND

>,6-TRICHLOROPHENOL 10 ND
,5-TRICHLOROPHENOL 50 ND

JLORONAPHTHALENE 10 ND
JITROANILINE 50 ND

[THYLPHTHALATE 10 ND
tf-HTHYLENE 10 ND

[TROANILINE - 50 ND

REPORT: 2397.04B

DATE: 05-08-90

DATE SUBMITTED:
DATE EXTRACTED:
DATE ANALYZED :

04-18-90
04-19-90
04-24-90

SEHIVOLATILE5

ACENAPHTHENE
2,4-DINITROPHENOL
4-NITROPHENOL
DIBENZQFURAN
2,4-DINITROTOLUENE
2,6-DINITROTOLUENE
DIETHYLPHTHALATE
4-CHLOROPHENYL-PHENYLETHER
FLUORENE
4-NITROANILINE
4,6-DINITRO 2-METHYLPHENOL
N-NITROSODIP'HENYLAMINE(l)
4-BROMOPHENYL-PHENYLETHER
HEXACHLOROBENZENE
PENTACHLOROPHENOL
PHENANTHRENE
ANTHRACENE
DI-N-BUTYLPHTHALATE
FLUORANTHENE
PYRENE
BUTYLBENZYLPHTHALATE
3,3-DICHLOROBENZIDINE
BENZO(A)ANTHRACENE
BIS(2-ETHYLHEXYL)PHTHALATE
CHRYSENE
DI-N-OCTYL PHTHALATE
BENZO(B)FLUORANTHENE
BENZO(K)FLUORANTHENE
BENZO(A)PYRENE
INDENO(1,2,3-CD)PYRENE
DIBENZCA,H)ANTHRACENE
BENZO(G,H,I)PERYLENE

DET. RESULTS
LIHIT (uo/L)

50
50
10
10
10
10
10
10
50
50
10
10
10
10
10
10
10
10
10
10
20
10
10
10
10
10
10
10
10
10
10

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

OBENZENE-d 5 (35-114) 78';
5 (10-94) 52:;

QA/OC SURROGATE RECOVERIES

2-FLUOROBIPHENYL(43-116) 75?:
2-FLUOROPHENOL (21-100) 34:;

TERPHENYL-dl4 (33-141) 81*
2,4,6-TRIBROnOPHENOL( 10-123) 30:;

1= NOT DETECTED ABOVE QUANTITATION LIMIT
ESTIMATED VALUE: CONCENTRATION BELOU LIMIT OF C1UANTITATION
ANALYTE DETECTED IN BLANK AS WELL AS SAMPLE
SURROGATE RECOVERY OUTSIDE OF G1C LIMITS



MONITORING WELL FIELD DATA SHEET

Field Personnel Job No. 7*̂ *7 */3* op?

U 'Pu-ltAv^ Location ̂ g/7l C l?
^ ' / *

c^ Well No. /̂ \IQ - /OS
s*.

Date te.

Total Well Depth (from top of casing)

Depth to Water Surface (from top of casing)

Height of Water Column

Volume of Water Column (height x 0.163)

/ 7« 3 feet

/Q 95 feet

7.05 feet

/ - / 3 gallons

I

Well
Volumes
Purged

Units

Specific
Conductance

Temperature

- 7

5 £-

PH

standard units



MONITORING WELL FIELD DATA SHEET

Field Personnel Job No. / 9ef(/2'OQ1.

Location £-̂ /̂ iL)- rUr'.r

Well No. /TIL 1 •

Date

Total Well Depth (from top of casing) / 7» 3 feet

Depth to Water Surface (from top of casing) \-^>& feet

Height of Water Column

Volume of Water Column (height x 0.163)

7-72 feet

(•25 gallons

^̂II
i
i

Well
Volumes
Purged

Units

1

2

3

4

5

6

7

8

Specific
Conductance

/^-rrfyv^oi

1153

t/fc
1222

\21~1

/ 2 2 S

Temperature

°r
53. /

5^.^

5PO

5P-3

53.^

pH

standard units

<^-^7

^•^0

£.£c

^r.^2
C-€r

i



1
1

,.

•T

J"

!i
i

i
iV
—4
1

•

MONITORING

Field Personnel

D T<Jr,\.'h^

T 1>~ L-
Ĵ " *[ ̂ ^ C. *

Total Well Depth (from top

Depth to Water Surface (frc

Height of Water Column

WELL FIELD DATA SHEET

Job No. (*?'?'-/ 3- O<3Z

Location £,.̂L C,'̂  ft/\' /•
Well No. /^1CO"/O^

Date fcpr.\ 1C. f̂ o

of casing) / "?- 3 feet

>m top of casing) 5-<9p) feet

12-08 feet

Volume of Water Column (height x 0.163) /• ' / gallons

Well Specific
Volumes Conductance
Purged

Units
AI / C" f C f\r\ k o *

1 /nns

Temperature pH

0 — standard units

5*3. ̂  -?./</

i
i

u
II
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SOUTHWEST.LABORATORY OF OKLAHOMA, INC.
1700 W. Albany . Suite "C" . Broken Arrow, Oklahoma 74012 . 918-251-2858

ENT: DAMES 5c MOORE, INC. REPORT: 2371.04H
11701 BORMAN DRIVE
ST. LOUIS, MO 63149 DATE: 05-03-90
ATTN: DAVID PURINGTON

SAMPLE MATRIX: SOIL
SWLO # 2371.04
DATE SUBMITTED: 04-13-90
DATE EXTRACTED: 04-27-90
DATE ANALYZED: 05-02-90
PROJECT: EARTH CITY
METHOD REFERENCE: SWS46-8150, EPA METHODOLOGY
SAMPLE ID: COMP. 2

RESULTS REPORTED IN ug/Kg OR Parts Per Billion

DET.
BICIDE5 LIMIT UNIT RESULTS

2,4-D 80.0 ug/Kg ND
J,4,5-TP (SILVEX) 10.0 ug/Kg ND

1
1
1
1
*
1

QA/QC SURROGATE RECOVERY

2,4,5-T (10-98) 78.27.

" NOT DETECTED ABOVE QUANTITATION LIMIT
- ESTIMATED VALUE: CONCENTRATION BELOW LIMIT OF QUANTITATION
- ANALYTE DETECTED IN BLANK AS WELL AS SAMPLE
- SURROGATE RECOVERY OUTSIDE OF DC LIMITS



1
Hi

SOUTHWEST JLABORATORY OF OKLAHOMA, INC.
1700 W. Albany . Suite "(7 . Broken Arrow, Oklahoma 74012 . 918-251-2858

LIENT: DAMES & MOORE, INC.
11701 BORMAN DRIVE
ST. LOUIS, HO 63149
ATTN: DAVID PURINGTON

REPORT: 2371.04P

DATE: 05-03-90

SAMPLE MATRIX: SOIL
SULO tt 2371.04
DATE SUBMITTED:
DATE EXTRACTED:
DATE ANALYZED :
METHOD REFERENCE:
PROJECT: EARTH CITY
SAMPLE ID: COMP. 2

04-13-90
04-17-90
05-02-90
SW846-B080, EPA METHODOLOGY

RESULTS REPORTED IN ug/Kg OR Parts Per Billion (PPB)

PESTICIDES/PCB'S DETECTION LIMIT RESULTS

ALPHA-BHC
BETA-BHC
GAMMA-BHC(LINDANE)
DELTA-BHC .
HEPTACHLOR
ALDRIN
HEPTACHLOR EPOXIDE
ENDOSULFAN I
4,4-DDE
DIELDRIN
ENDRIN
ENDOSULFAKI II
4,4-DDD
ENDOSULFAN SULFATE
4,4-DDT
ENDRIN KETONE
METHOXYCHLOR
ALPHA-CHLORDANE
GAMMA-CHLDRDANE
TOXAPHENE
AROCHLOR-1221
AROCHLOR-1232
AROCHLOR-1242
AROCHLOR-1016
AROCHLOR-1248
AROCHLOR-1254
AROCHLOR-1260

21.7
21.7
21.7
21.7
21.7
21.7
21.7
21.7
21.7
43.4
43.4
43.4
43.4
43.4
43.4
43.4
217.1
217.1
217.1
434.2
217.1
217.1
217.1
217.1
217.1
434.2
434.2

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

I

ND
J
B
*

OA/OC SURROGATE RECOVERIES

DIBUTYLCHLORENDATE (24-150) 79::

NOT DETECTED ABOVE QUANTITATION LIMIT
ESTIMATED VAL'JE: CONCENTRATION BELOW LIMIT OF QUANTITATICW
ANALYTE DETECTED IN BLANK AS WELL AS SAMPLE
SURROGATE RECOVERY OUTSIDE OF G1C LIMITS



SOUTHWEST .LABORATORY OF OKLAHOMA, INC.
1700 W. Albany . Suite "C . Broken Arrow, Oklahoma 74012 . 918-221-2858

!

S 4 MOORE, INC.
1 BORMAN DRIVE
LOUIS, MO 63149

DAVID PURINGTON

'iMPLE MATRIX: SOIL
« 2371.04

REF.: SU846-8270, EPA METHODOLOGY
<DUECT: EARTH CITY

IPLE ID: COMP. 2

REPORT: 2371.04B

DATE: 05-03-90

:
31IVOLATILE5

DET. RESULTS
LIMIT (UQ/KQ)

*•* VI
E

:S"( 2-CHLOROETHYL) ETHER

ILOROPHENOL
DICHLOROBENZENE
DICHLOROBENZENE

XYL ALCOHOL
DICHLOROBENZENE
THYLPHENOL

IS(2-CHLOROI30PROPYL)ETHER
IETHYLPHENOL

JlTROSO-DI-n-PROPYLAMlNE
iSACHLDROETHANE

•ROBENZENE
PHORONE

r^lITROPHENOL
[ ,4-DIMETHYLPHENOL
TjlZOIC ACID

B(2-CHLOROETHOXY)METHANE
f ,4-DICHLOROPHENOL
* ̂ ,4-TRICHLOROBENZENE
•HTHALENE
f™HLOROANILINE
l_EXACHLOROBUTADIENE

•HLORO-S-METHYLPHENOL
"ETHYLNAPHTHALENE
iEXACHLOROCYCLOPENTADIENE

,6-TRICHLOROPHENOL
,5-TRICHLOROPHENOL

O^HLORONAPHTHALENE
•^ITROANILINE

•lETHYLPHTHALATE
rB*NAPHTHYLENE
f 3-NITROANILINE

660
660
660
660
660
660
660
660
660
660
660
660
660
660
660
660
3200
660
660
660
660
660
660
660
660
660
660.
3200
660
3200
660
660
3200

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

30
ND
ND
ND
ND
ND
ND
ND

10
ND
ND
ND
ND
ND
ND
ND
ND

DATE SUBMITTED:
DATE EXTRACTED:
DATE ANALYZED :

04-13-90
04-17-90
04-26-90

SEMIVOLATILES

ACENAPHTHENE
2,4-DINITROPHENOL
4-NITROPHENOL
DIBENZOFURAN
2,4-DINITROTOLUENE
2,6-DINITROTOLUENE
DIETHYLPHTHALATE
4-CHLDROPHENYL-PHENYLETHER
FLUORENE
4-NITROANILINE
4,6-DINITRO 2-I1ETHYLPHENOL
N-NITROSODIPHENYLAtllNE (1)
4-BROtnCPHENYL-PHEHYLETHER
HEXACHLOROHENZENE
PENTACHLOROPHENOL
PHENANTHRENE
ANTHRACENE
DI-N-BUTYLPHTHALATE
FLUORANTHENE
PYRENE
BUTYLBENZYLPHTHALATE
3,3-DICHLOROBENZIDINE
BENZO(A)ANTHRACENE
BIS(2-ETHYLHEXYL)PHTHALATE
CHRYSENE
DI-N-OCTYL PHTHALATE
BENZO(B)FLUORANTHENE
BENZO(K)FLUORANTHENE
B£NZO(A)PYRENE
INDENOd, 2,3-CD) PYRENE
DIBENZ(A,H)ANTHRACENE
BENZO(G!H!,I)PERYLENE

DET. RESULTS
LIMIT (UQ/KQ)

660
3200
3200
660
660
660
660
660
660
3200
3200
660
660
660
660
660
660
660
660
660
660
1320
660
660
660
660
660
660
660
660
660
660

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

30
ND

50
50
30

ND
ND
ND
ND
ND
ND
ND
ND>
ND\
ND
ND
ND

J

J
J
J

"̂

. (
X*

ROBENZENE-d5(23-120) 74:
15 (24-113) 39:

OA/OC SURROGATE RECOVERIES

FLUOROBIPHENYL(30-115) 7?̂ :
FLUOROPHENOL (25-121) 7V:

TERPHENYL-dl4 (13-137) 8?:;
2,4,6-TRIBRO!",OPHENOL(l?-122) 915;

= NOT DETECTED ABOVE QUANTITATION LIMIT
= ESTIMATED VALUE: CONCENTRATION BELOW LIMIT OF QUANTITATION
= ANALYTE DETECTED IN BLANK A3 WELL AS SAMPLE
= oURFvGGATE RECOVERY OUTSIDE OF DC LIMITS



SOUTHWEST LABORATORY OF OKLAHOMA, INC.
1700 W. Albany . Suite "C" . Broken Arrow, Oklahoma 74012 . 918-251-2858

ICLIENT: DAMES «c MOORE
11701 BORMAN DRIVE
ST. LOUIS, MISSOURI 63149
ATTN: DAVE PURINGTON

SAMPLE MATRIX: SOIL
SWLO « 2371.05
DATE SUBMITTED: 04-13-90
PROJECT: EARTH CITY
SAMPLE ID: COMP. 1

"PARAMETER
DET.
LIMIT UNIT

REPORT: 2371.05MT

DATE: 05-03-90

DATE
RESULTS ANALYZED

METHOD
REFERENCE

rOTAL CYANIDES

BTOTAL METALS

1.0 ug/Kg ND 04-27-90 SM 412D

-ARSENIC
J-EAD

"•MERCURY
•SELENIUM
"]THALLIUM
•IANTIMONY
•BERYLLIUM

—CADMIUM

»CHROMIUM
COPPER

^NICKEL
(SILVER

-WZINC

I
I
t

2.0
0.6
0.1
0.4
0.4
6.0
1.0
1.0
1.0
2.0
2.0
2.0
2.0

mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg

5.89
13.6
'ND
ND
ND
ND
ND
ND
18.1
22.8
18.3
ND
62.4

04-25-90
04-19-90
04-18-90
04-24-90
04-19-90
04-19-90
04-19-90
04-19-90
04-19-90
04-19-90
04-19-90
04-19-90
04-19-90

SW 7060
SW 7421
SW 7471
SW 7740
SW 7841
SW 6010
SW 6010
SW 6010
SW 6010
SW 6010
SW 6010
SW 6010
SW 6010

—ND;sw
= NOT DETECTED ABOVE OUANTITATION LIMIT
« TEST METHODS FOR EVALUATING SOLID WASTE, EPA PUBLICATION #SW846,

THIRD EDITION, NOVEMBER 1986
= STANDARD METHODS FOR THE EXAMINATION OF WATER AND WASTEWATER,

16TH EDITION, 19S5

I

I



SOUTHWESTJLABORATORY OF OKLAHOMA, INC.
1700 W. Albany . Suite "C" . Broken Arrow, Oklahoma 74012 . 918-251-2858

DAMES & MOORE, INC.
11701 BORMAN DRIVE
ST. LOUIS, MO 63149
ATTN: DAVID PURINBTON

SAMPLE MATRIX: SOIL
SWLO # 2371.05
DATE SUBMITTED: 04-13-90
PROJECT: EARTH CITY
SAMPLE ID: COMP. 1

REPORT: 2371.05T

DATE: 05-03-90

UNIT

3TAL EXTRACTABLE HYDROCARBONS

5&SOLINE
DIESEL
-KROSENE
P-4

—vlAPTHA
NKER C/#6 FUEL OIL 1
ISCELLANEDUS (1)

,0
, 0
, 0
.0
, 0
.0

1.0

mg / Kg
mg/K.g
<ng/Kg
mg/Kg
mg/Kg
mg/Kg
mg/Kg

RESULTS

ND
ND
ND
ND
ND
ND
5.1

DATE
EXTRACTED

DATE
ANALYZED

METHOD
REFERENCE

04-19-90
04-19-90
04-19-90
04-19-90
04-19-90
04-19-90
04-19-90

04-21-90
04-21-90
04-21-90
04-21-90
04-21-90
04-21-90
04-21-90

GC/FID
GC/FID
GC/FID
GC/FID
GC/FID
GC/FID
GC/FID

1

I

I

I

t
— J
I

I

I

QA/QC SURROGATE RECOVERY

NAPHTHALENE 95V.

tl) = ANALYSIS SHOWS MISCELLANEOUS PEAKS WHICH CANNOT BE IDENTIFIED AS
ANY SPECIFIC PATTERN. THE RESPONSE FACTOR FOR DIESEL WAS USED.
NOT DETECTED ABOVE QUANTITATION LIMIT
COMPOUND FOUND IN BLANK AS WELL AS SAMPLE
ESTIMATED VALUE: CONCENTRATION BELOW LIMIT OF QUANTITATION
UNABLE TO QUANTITATE DUE TO MATRIX INTERFERENCE



I SOUTHWESTJLABORATORY OF OKLAHOMA, INC.
1700 W. Albany . Suite 'C* . Broken Arrow, Oklahoma 74012 . 918-251-2858

II

CLIENT: DAMES & MOORE, INC. REPORT: 2371.05H
T— 11701 BORMAN DRIVE
II ST. LOUIS, MO 63149 DATE: 05-03-90
• ATTN: DAVID PURINGTON

II

I

J

SAMPLE MATRIX: SOIL
SWLO # 2371.05
DATE SUBMITTED: 04-13-90
DATE EXTRACTED: 04-27-90
DATE ANALYZED: 05-02-90
PROJECT: EARTH CITY
METHOD REFERENCE: SW846-8150, EPA METHODOLOGY
SAMPLE ID: COMP. 1

RESULTS REPORTED IN ug/Kg OR Parts Per Billion

1

1

1

1

1

I

I

1

I

C

DET.
:RBICIDES LIMIT UNIT RESULTS

,4-D 80.0 ug/Kg ND
,4,5-TP (SILVEX) 10.0 ug/Kg ND

QA/QC SURROGATE RECOVERY

2,4,5-T (10-98) 99.4V.

ND = NOT DETECTED ABOVE QUANTITATION LIMIT
J = ESTIMATED VALUE: CONCENTRATION BELOW LIMIT OF QUANTITATION
B = ANALYTE DETECTED IN BLANK AS WELL AS SAMPLE

= SURROGATE RECOVERY OUTSIDE OF QC LIMITS



—^M

SOUTHWEST ^LABORATORY OF OKLAHOMA, INC.
7700 W. Albany . Suite "C" . Broken Arrow, Oklahoma 74012 . 918-251-2858

CENT: DAMES & MOORE, INC.
11701 BORMAN DRIVE
ST. LOUIS, J10 63149
ATTN: DAVID PURINGTON

REPORT; 71. 05P

DATE: 05-03-90

SAMPLE MATRIX:
SULO H 2371.05
DATE SUBMITTED:
DATE EXTRACTED:
DATE ANALYZED :
METHOD REFERENCE
PROJECT: EARTH

SOIL

04-13-90
04-17-90
05-02-90
SU846-8080, EPA METHODOLOGY

CITY
SAMPLE ID: COMP. 1

RESULTS REPORTED IN uq/Kg CR Parts Per Billion (PPB)

PESTICIDES/PCB'S DETECTION LIMIT

ALPHA-BHC
BETA-BHC
GAMMA-BHC(LINDANE)
DELTA-BHC
HEPTACHLOR
ALDRIN
HEPTACHLOR EPOXIDE
ENDOSULFAN I
4,4-DDE
DIELDRIN
ENDRINi
ENDOSULFAN II
4,4-DDD
ENDOSULFAN SULFATE
4,4-DDT
ENDRIN KETONE
METHOXYCHLOR
ALPHA-CHLORDANE
GAMMA-CHLORDANE
TOXAPHENE
AROCHLOR-1221
AROCHLOR-1232
AROCHLOR-1242
AROCHLOR-1016
AROCHLOR-1248
AROCHLOR-1254
AROCHLOR-1260

21.2
21.2
21.2

. 4.

n

fcl .L.

•>1 ^
i.1 .i.

21.2
42.3
42.3
42.3
42.3
42.3
42.3
42.3
211.6
211.6
211.6
423.3
211.6
211.6
211.6
211.6
211.6
423.3
423.3

QA/QC SURROGATE RECOVERIES

RESULTS

NO
ND
MD
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

DIBUTYLCHLORENDATE (24-150) 102:;

ND = NOT DETECTED ABOVE QUANTITATION LIMIT
J = ESTIMATED VALUE: CONCENTRATION BELOW LIMIT OF QUANTITATION
B = ANALYTE DETECTED IN BLANK AS WELL AS SAMPLE
* = SURROGATE RECOVERY OUTSIDE OF QC LIMITS
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SOUTHWEST LABORATORY OF OKLAHOMA, INC.
1700 W. Albany . Suite "C • Broken Arrow, Oklahoma 74012 . 918-251-2858

S & MOORE, INC.
701 BQRMAN DRIVE
LOUIS, MO 63149

DAVID PURINGTON

fcSPLE MATRIX: SOIL
•0 tt 2371.05
If HOD REF.: SU846-8270, EPA METHODOLOGY
30JECT: EARTH CITY
ftpLE ID: COMP. 1

rtlVOLATILES
DET. RESULTS
LIMIT (up/Kg)

:NOL
TS(2-CHLOROETHYL)ETHER

KHLOROPHENOL
•fc-DICHLOROBENZENE
,4-DICHLOROBENZENE

•NZYL ALCOHOL
B?-DICHLOROBENZENE
>METHYLPHENOL
£«(2-CHLOROISOPROPYL)ETHER 660
•JlETHYLPHENOL

-^NITRQSO-DI-n-FROFYLAMINE
iEXACHLOROETHANE

KROBENZENE
PHORONE

:-NITROPHENOL
-^4-DIMETHYLPHENOL
• NZOIC ACID
713(2-CHLOROETHOXY)METHANE

C2,4-TRICHLOROBENZENE
PHTHALEWE

4-CHLOROANILINE

[XACHLOROBUTADIENE
CHLORO-3-nETHYLPHENOL

2-METHYLNAPHTHALENE

tXACHLORQCYCLOPENTADIENE
4,6-TRICHLOROPHENOL

t,4,5-TRICHLOROPHENOL
^I-CHLORONAPHTHALENE
• "•NITROANILINE
^METHYLPHTHALATE

ACENAPHTHYLENE
•"-•NITROANILINE

660
660
660
660
660
660
660
660
660
660
660
660
660
660
660
660
3200
660
660
660
660
660
660
660
660
660
660
3200
660
3200
660
660
3200

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

REPORT: 2371.05B

DATE: 05-03-90

DATE SUBMITTED:
DATE EXTRACTED:
DATE ANALYZED :

SEMIVOLATILES

ACENAPHTHENE
2,4-DINITROPHENOL
4-NITROPHENOL
DIBENZOFURAN
2,4-DINITROTOLUENE
2,6-DINITROTOLUENE
DIETHYLPHTHALATE
4-CHLOROPHENYL-PHENYLETHER
FLUORENE
4-NITROANILINE
4,6-DINITRO 2-METHYLPHENOL
N-NITROSODIPHENYLA«INE(1)
4-BROMOPHENYL-PHEhlYLETHER
HEXACHLOROBENZENE
PENTACHLOROPHENOL
PHENANTHRENE
ANTHRACENE
DI-N-BUTYLPHTHALATE
FLUORANTHENE
PYRENE
BUTYLBENZYLPHTHALATE
3,3-DICHLOROBENZIDINE
BENZO(A)ANTHRACENE
BIS(2-ETHYLHEXYL)PHTHALATE
CHRYSENE
DI-N-OCTYL PHTHALATE
BENZO(B)FLUORANTHENE
BENZO(K)FLUORANTHENE
BENZO(A)PYRENE
INDENOd, 2,3-CD) PYRENE
DIBENZ(A,H)ANTHRACENE
BENZO(G,H,I)PERYLENE

04-13-90
04-17-90
04-26-90

I

DET.
LIMIT

660
3200
3200
660
660
660
660
660
660
3200
3200
660
660
660
660
660
660
660
660
660
660
1320
660
660
660
660
660
660
660
660
660
660

RESULTS
(uo/Ka)

ND
ND
ND
SID
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

30 J
30 J

ND
ND
ND
ND
ND

. ND
ND
ND
ND
ND
ND
ND

OA/5C SURROGATE RECOVERIES

VrfTROSENZENE-d5(23-120) 72':
?HENCL-d5 (24-113) 8^:

2-FLUOROBIPHENYL(30-ll5) 76?:
2-FL'JOROPHENOL (25-121) 67:;

TERPHENYL-dl4 (18-137) 84'
2,4,6-TRIBROMOPHENOL(19-122) 89:,

= MOT DETECTED ABOVE G1UANTITATION LIMIT
- ESTIMATED VALUE: CONCENTRATION BELOW LIMIT OF QUANTITA7ION
* ANALYTE DETECTED IN BLANK AS UELL AS SAMPLE
•- 'oLTcRUGATE RECOVERY OUTSIDE OF QC LIMITS



SOUTHWEST LABORATORY OF OKLAHOMA, INC.
1700 W. Albany'. Suite "C" . Broken Arrow, Oklahoma 74012 . 918-251-2858

ANALYTICAL REPORT

DAMES & MOORE
11701 Bonnan Drive
St. Louis. Missouri 63149

SWLO IDENTIFICATION

SAMPLE NO.: 2371.01 - 2371.05
DATE RECEIVED: 04/13/90

REPORT: G2698

REPORT DATE: 04/30/90

DESCRIPTION

METHOD
METHOD
METHOD
METHOD
METHOD
METHOD
METHOD
METHOD

BLANK
BLANK
BLANK
BLANK
BLANK
BLANK
BLANK
BLANK

04/19/90
04/19/90
04/19/90
04/19/90
04/19/90
04/19/90
04/19/90
04/19/90

PARAMETER

ANTIMONY
BERYLLIUM
CADMIUM
CHROMIUM
COPPER
NICKEL
SILVER
ZINC

RESULTS

<6
<1
<1
<1
<2
<2
<2
<2

mg/Kg
mg/Kg
mg/Kg
mg/Kg
mg/Kg
mg/Kg
mg/Kg
mg/Kg
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I

SOUTHWEST LABORATORY OF OKLAHOMA, INC.
1700 W. Albany . Suite '(7 . Broken Arrow, Oklahoma 74012 . 918-251-2858

LIENT: DAMES & MOORE, INC. REPORT: B269B.2
~ 11701 BORMAN DRIVE

1 ST. LOUIS, MO 63149 DATE: 05-03-90
ATTN: DAVID PURINGTON

I

I

j

I

SAMPLE MATRIX: SOIL
SWLO ft METHOD BLANK
DATE EXTRACTED: 04-27-90
DATE ANALYZED: 05-02-90
PROJECT: EARTH CITY
METHOD REFERENCE: 5WB46-B130, EPA METHODOLOGY
SAMPLE ID: METHOD BLANK

RESULTS REPORTED IN ug/Kg OR Parts Per Billion

DET.
"HERBICIDES LIMIT UNIT RESULTS

B2,4-D BO.O ug/Kg- ND
-2,4,5-TP (SILVEX) 10.0 ug/Kg ND

I

I

I

QA/GC SURROGATE RECOVERY

2,4,5-T (10-98) 45.27.

I

I

ND = NOT DETECTED ABOVE OUANTITATION LIMIT
J = ESTIMATED VALUE: CONCENTRATION BELOW LIMIT OF QUANTITATION
B = ANALYTE DETECTED IN BLANK AS WELL AS SAMPLE
* = SURROGATE RECOVERY OUTSIDE OF QC LIMITS



SOUTHWEST LABORATORY OF OKLAHOMA, INC.
1700 W. Albany . Suite "C" . Broken Arrow, Oklahoma 74012 . 918-251-2858

.IENT: DAI1ES & F100RE, INC.
11701 BORMAN DRIVE
ST. LOUIS, HO 63149
ATTN: DAVID PURINGTON

REPORT: G2698.3

DATE: 05-03-90

SAMPLE MATRIX: SOIL
SWLO » METHOD BLANK
DATE EXTRACTED: 04-17-90
DATE ANALYZED : 05-02-90
METHOD REFERENCE: SW846-8080, EPA METHODOLOGY
PROJECT: EARTH CITY
SAMPLE ID: METHOD BLANK

RESULTS REPORTED IN ug/Kg OR Parts Per Billion (PPB)

PESTICIDES/PCB'S DETECTION LIMIT RESULTS

ALPHA-BHC
BETA-BHC
GAMMA-BUG(LINDANE)
DELTA-BHC
HEPTACHLOR
ALDRIN
HEPTACHLOR EPOXIDE
ENDOSULFAN I
4,4-DDE
DIELDRIN
ENDRIN
ENDOSULFAN II
4,4-DDD
ENDOSULFAN SULFATE
4,4-DDT
ENDRIN KETONE
METHOXYCHLOR
ALPHA-CHLORDANE
GAMMA-CHLORDANE
TOXAPHENE
AROCHLOR-1221
AROCHLOR-1232
AROCHLOR-1242
AROCHLOR-1016
AROCHLOR-1248
AROCHLOR-1254
AROCHLOR-1260

16.0
16.0
16.0
16.0
16.0
16.0
16.0
16.0
16.0
32.0
32.0
32.0
32.0
32.0
32.0
32.0
160.0
160.0
160.0
320.0
160.0
160.0
160.0
160.0
160.0
320.0
320.0

QA/QC SURROGATE RECOVERIES

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

DIBUTYLCHLORENDATE (24-150) 24?;

ND = NOT DETECTED ABOVE G1UANTITATION LIMIT
J = ESTIMATED VALUE: CONCENTRATION BELOW LIMIT OF QUANTITATION
B = ANALYTE DETECTED IN BLANK AS WELL AS SAMPLE
* = SURROGATE RECOVERY OUTSIDE OF G1C LIMITS



SOUTHWEST LABORATORY OF OKLAHOMA, INC.
1700 W. Albany . Suite "C" . Broken Arrow, Oklahoma 74012 . 918-251-2858

«ES & MOORE, INC.
01 BORMAN DRIVE

T. LOUIS, MO 63149
N: DAVID PURINGTON

IPLE HATRIX: SOIL

20 » METHOD BLANK
HOD REF.: SU846-8270, EPA METHODOLOGY
JECT: EARTH CITY

AMPLE ID: METHOD BLANK

I4
IVOLATILES

NOL

DET. RESULTS
.IMIT (ua/Ko)

ttlz-CHLOROETHYL)ETHER
^HLORCPHENOL
•3-DICHLOROBENZENE
Ji-DICHLOROBENZENE
ENZYL ALCCHOL

J2-DICHLOROBENZENE
•lETHYLPHENOL
TS(2-CHLOROISOF'ROPYL)ETHER 660
—lETHYLPHENOL

JsiITRCSO-DI-n-PROPYLAMINE
"•KACHLQROE7HANE
ITROEENZENE

•OPHCRONE
JMITROPHENOL
,4-DIMETHYLPHENOL

-=MZCIC ACID
• 3 (2-CHLORCETHOXY)METHANE
T-1-DICHLOROPHENOL
^,4-TRICHLCROBENZENE
• :'HTHALENE
•CHLOROANILINE
iEXACHLOROBUTADIENE

:HLORO-S-METHYLPHENOL
1ETHYLNAPHTHALENE

•S.XACHLOROCYCLOPENTADIENE
_—-4,6-TRICHLOROPHENOL
• 1,5-TRICHLOROPHENOL
PtHLORONAPHTHALENE

J-2_NITROANILINE
• 1ETHYLPHTHALATE
^NAPHTHYLENE
3-NITRQANILINE

660
660
660
660
660
660
660
660
660
660
660
660
660
660
660
660
3200
660
660
660
660
660
660
660
660
660
660
3200
660
3200
660
660
3200

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

REPORT: G2698.4

DATE: 05-03-90

DATE EXTRACTED!
DATE ANALYZED :

SEHIVOLATILES

ACENAPHTHENE
2,4-DINITROPHENOL
4-NITROPHENOL
DIBENZOFURAN
2,4-DINITROTOLUENE
2,6-DINITROTOLUENE
DIETHYLPHTHALATE
4-CHLOROPHENYL-PHEMYLETHER
FLUORENE
4-NITROANILINE
4,6-DINITRO 2-METHYLPHENOL
N-NITROSODIPHENYLAMINE(1)
4-BROMOPHENYL-PHENYLETHER
HEXACHLOROBENZENE
PENTACHLOROP.HENOL
PHENANTHRENE
ANTHRACENE
DI-N-BUTYLPHTHALATE
FLUORANTHENE
PYRENE
BUTYLBENZYLPHTHALATE
3,3-DICHLOROBENZIDINE
BENZO(A)ANTHRACENE
BIS(2-ETHYLHEXYL)PHTHALATE
CHRYSENE
DI-N-OCTYL PHTHALATE
BENZO(B)FLUORANTHENE
BENZO(K)FLUORANTHENE
BENZO(A)PYRENE
INDENOd, 2,3-CD) PYRENE
DIBENZCA,H)ANTHRACENE
BENZO(G,H,I)PERYLENE

04-17-90
04-26-90

r

DET.
LIHIT

660
3200
3200
660
660
660
660
660
660
3200
3200
660
660
660
660
660
660
660
660
660
660
1320
660
660
660
660
660
660
660
660
660
660

RESULTS
(ua/Ka)

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

I

C
I

QA/QC SURROGATE RECOVERIES

ROBENZENE-d5(23-120) 65* 2-FLUOROBIPHENYL(30-115) 64:; TERPHENYL-dl4 (18-137)
MOL-d5 (24-113) 76:; 2-FLUOROPHENOL (25-121) 62:; 2,4,6-TRIBROMOPHENOL( 19-122)

65:;
68:;

MOT DETECTED ABOVE QUANTITATION LIMIT
= £37IHA7£D VALUE: COWCErJTRATION BELOW LIMIT OF QUANTITATION

- = ANALYTE DETECTED I N BLANK A S WELL A S SAMPLE
- 3Ur<RQGATZ RECOVERY OUTSIDE OF GJC LIMITS
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APPENDIX D
Soil Boring Logs



LOCATION OF BORING

DATUM ELEVATION

LOCATION

DRILLING METHOD:

A~T\S

SAMPLING METHOD:

J"

WATER LEVEL

TIME

DATE

CASING DEPTH

//f

BORING N"O.

/Of
SHEET

ORILUNC

START

TIME

l-'/s
DATE

FINISH

TIME

DATE

S
A

M
P

L
T

Y
P

E

D
E

P
T

H
 O

F
C

A
S

IN
G

L
O

W
S

/F
T

.
S

A
M

P
L
E

R

N
U

M
B

E
R

 O
F

R
IN

G
S

oz S
O

IL
G

R
A

P
H

SURFACE CONDITIONS:

/«? fl ~7

cs

cs

'o-

5

/

1

2

3

4

0*

6

7

8

9

/ O

1

4

/ 5

9

Zo

/C

Si' L

/l ei

.Si ' / /
'+

T. If--. *e*,1 — IT

^
Afl ^ f.\ rf

V— \i\a .i-\ f rt-'i '•<

"" ? ' f c ^ ef



LOCATION OF BORING

DATUM ELEVATION

JOB NO. CUENT LOCATION

DRILLING METHOD:

SAMPLING METHOD:

WATER LEVEL

TIME

DATE

CASING DEPTH

BORING NO.

SHEET

ORIUJNG

START

7IME

FINISH

T1M£

°*TE

S
A

M
P

L
T

T
P

t

D
E

P
T

H
 O

C
A

S
IN

G

N
U

M
B

E
R

 O
F

R
IN

G
S it

t£
in"-oz

SURFACE CONDITIONS:

S
O

IL
G

R
A

P
H

Cs dv-J*
1 h

2

3

4

2*

6

7

8

9

0

1

2

3

4

5

6

7

8

9

0



\

«.

i

1̂
M

1
^M

I

i
!sri"
Is

2

i,
i!±

LOCATION OF BORING

DATUM ELEVATION

P

rs

• y
*" /
W\
/;B

/? =
69^
/c?

/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/

D
E

P
T
H

 O
F

C
A

S
IN

G I*/
« /

« /

Ali * °
/
/
/
/
/

/
//
/
/
/
/
/
/

/
'/
/
/
/
/
/

B
L
O

W
S

/F
T

.
S

A
M

P
L
E

R

N
U

M
B

E
R

 O
F

R
IN

G
S _ (-

r ur w

i"-
QZ

ZO

1

2

3

4

?-5

6

7

8

9

0

1

2

3

4

5

6

7

8

9

0

S
O

IL
G

R
A

P
H

fze
W

JOB NO. CLIENT LOCATION

/97& 002 Fvto
BORING NO.

DRILLING METHOD:

A\C<J(O3
SHEET

SAMPLING METHOD: °̂  OF <»<>

ORILUNC

START FINISH

WATER LEVEL ***** TIME

TIME

DATE OATl OATE

CASING DEPTH

SURFACE CONDITIONS:

A-4-i ,r- //-^ ,'̂ «-̂



'CIIII WO

LOCATION OF BORING

DATUM ELEVATION

CLIENT LOCATION

OBILUNG METHOD:

SAMPLING METHOD:

3'' ?& S<T*

, "A
WATER LEVEL

TIME

DATE

CASING DEPTH

(£?'£

BORING MO.

SHEET

DRILLING

START

TIME

DATE

FINISH

TIME

DATE

p D
E

P
T
H

 O
F

C
A

S
IN

G

L
O

W
S

/F
T

S
A

M
P

L
E

R

N
U

M
B

E
R

 O
F

R
IN

G
S It

SURFACE CONDITIONS:

cs X-

O

(T

OO

1

2

3

4

05

6

9

/ O

1 l-

2

3

4

/S

6

7

8

9

20

f x



Dames & Moore
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LOCATION OF BORING

DATUM ELEVATION

JOB NO CUCNT LOCATION

DRILLING METHOD:

3 /

SAMPLING METHOD:

3'

WATER LEVEL

TIME

DATE

CASING DEPTH

BORING NO.

SHEET

/ or /
OR.LUNG

START

TIME

CATC

y-

FINISH

TIME

DATE

D
E

P
T
H

 O
F

C
A

S
IN

G

B
LO

W
S

/
S

A
M

P
L

N
U

M
B

E
R

 O
F

R
IN

G
S

oz it
SURFACE CONDITIONS:

/

i>
i

cs

$

i
i

/o

I"?

do

I

2

3

4

OS

6

9

/ O

1

2

3

4

/ S

6

n

8

9

0

IT

:•./«.« -/* /.-i £7 .̂.̂

r tL>.»-

/t-i r/ r •_. ->/ 1 -V^ A- c Lc r

-S-k-f-f S.' It*•

?i 5~r» .

A,' O oratiK c.'/A

fc yLi



01 iviuure
LOCATION OF

A*

DATUM ELEVATION

JOB NO. CUCNT LOCATION

ORILUNC METHOD:

A TV
SAMPLING METHOD:

WATER LEVEL

TIME

DATE

CASING DEPTH

' " ''/2

BORING4
SHEET

/ or

DRILLING

START

TIME

DATE

FINISH

TIME

DATE

E
P

T
H

 O
F

C
A

S
IN

O

N
U

M
B

E
R

 O
F

R
IN

G
S

SURFACE CONDITIONS.

f t)

Id

IS

60

4

cs

6

1

2

3

4

is

6

7

8

9

0

IS'

CC L̂.

/H M f

«n>i-y fr^a.""t r̂ T 7^

^
-A\\I ^yrvJ

V x ( X .
f-2i

' r i 4 -



LOCATION OF BORING

at

DATUM

rffffifftt ££>rt4t/ ISO

I */50'
ELEVATION

JOB NO. CUtNT

f=r>£D
DRILLING METHOD:

&*»

SAMPLING METHOD:

WATER LEVEL

TIME

DATE

CASING DEPTH

ff >

«'6S /Wo
BORtNG NO.

SHEET

/ /

DRILLING

START

TIME

DATE

•i-r.

FINISH

TIME

DATE
T

.
R

M
B

E
R

 O
F

R
IN

G
S

S
O

I
G

R
A

SURFACE CONDITIONS:

A^^

o-

la

0*

\

A

OS

6

7

8

9

10

1

2

3

4

/5

6

7

8

9

c. X/1
/ . /•
l̂/ *J AA I*»h7>LLf̂

.' /
'- ,/// LJ Sr,

4/DULM -WAJ «,'

S/ffr' rr/A/c/.tfu U->

i

. f *•<*/

;.*< I*. t c. u
^TT] T

-rJ^^^
^

eos
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LOCATION OF BORING

DATUM ELEVATION

CLIENT

DRILLING METHOD:

SAMPLING METHOD:

5'
WATER LEVEL

TIME

DATE

CASING DEPTH

5 '

LOCATION

BORING Nd.

SHEET

/ OF /

DRILLING

START

TIME

DATE

FINISH

TIME

DATE

S
A

M
P

L
T

Y
P

E

E
P

T
H

 O
F

C
A

S
IN

G

N
U

M
B

E
R

 O
F

R
IN

G
S

QZ
It

SURFACE CONDITIONS:

su *l C^*- ^-w .'A.

C*

o

10

60

1

2

8

9

/ O

1

2

3

4H

I 5

6

7

8

9

0

19

vJI IJ- AAILJL'V £7/1 • ^'

V

~ y ^

</».«.. ». i/ S'.'//*

> ( f : ^.iof. A'C

(pelf',*. * ry, ,J> r Av ̂  3fe-a/ C^-s , ' / ^
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APPENDIX E
Well Construction Diagrams



MONITOR WELL INFORMATION SHEET

GROUND SURFACE ELEVATION _

TOP OF WELL CASING ELEVATION W7-

JOB mmsER -OO

lORINK NUN8ER /ICC/ ' /Of

OATE

WCATIiOH .

DEPTH TO BOTTOM OF VELL POINT OR SLOTTED
P I PE 35 FEET. *

OEPTH TO BOTTOM OF SEAL (IF INSTALLED)

DEPTH TO TOP Of SEAL (IF INSTALLED)
*?• 5

f?\ LEHCTH OF VELL SCREEN
Ox SLOT SIZE <o. sii n ~

FEET.

f7\ TOTAL LEHCTH OF PIPE f?» 3 FEET AT
\2J o> JNCH DIAMETER.

Ok TYPE OF PACK AROUND WELL POINT OR JUTTED
& PIPE SA AJ T>

CONCRETE CAP. (jEjO HO (CIRCLE 0:«£)

Oi HEIGHT OF VEa CASING ABOVE GROUND
^ -T)/3 FEET.

_ PROTECTIVE CASIBG7 <TrCSj> MO (CIRCLE OHE)
[V) HEIGHT ABOVE GROUND FEET.
^ LOaiHC CAP7 <^Tt£ ^HO (CIRCLE OHE)

TYPE OF UPPER IACKFILL

IOREHOU OIA«TER

fu-

INCHES.

M2) DEPTH TO GROUND WATER

(u) TOTAL DEPTH OF tORENOLC c^.

(If) TYPE OF UJWtR BACKFILL.

(JT) PIPE nATERIAL_.

<L/[ft

_FEET. «

FEET.*

[1C) SCREEN KATERIAl.

* (OEPTH FROM CAOUHO SURFACE)

MONITOR WELL INSTALLATION DETAILS

Moor«



MONITOR WELL INFORMATION SHEET

CROUNO SURFACE ELEVATION -

TOP OF VELL CASING ELEVATION / Vg . fO

JOS __

lORINC NUMBER /1UJ - /O3

•*« V- //-
LOCATION . 6v.r*7Z1

DEPTH TO IOTTON OF VELL POINT OK SLOTTED
PIPE 34. S FEET.*

DEPTH TO IOTTOH OF SEAL (IF INSTALLED)

DEPTH TO TOP OF SEAL (IF INSTALLED)

LEKCTH OF VELL SCREEN
SLOT SIZE &->GIO

_FEET.

TOTAL LENGTH OF PIPE /&*& FEET AT
INCH DIMETER.

TYPE OF PACK MOUHO VELL POINT OR SLOTTED
PI Pt

? COHCRETE CAP.

T O
• 3

HO (CIRCLE OME)

HEIGHT OF VELL CASING MOVE CROUNO
RET.

-^ PROTECTIVE CASIKG7 CTE
T) KEtCHT A80VE OtOUNO

LOttlNC CAP7 '

( f l ) TYPE OF UPKR tACXFILL

lT MREHOLE 8l*«Tm O

NO (CIRCLE
FEET.
NO (CIRCLE

ONE)

ONE)

J »'

IHCHES.

(1?) DEPTH TO GMUXO VATER "2 Q rtET. *

(J3) TOTAL DEPTH OF MREHOLt 3 5 FEET.*

(W) TYPE OF LOVtR IAOCFILL A/truf.* S«Ae! * S /' H

CIS) PIPE MATERIAL. ?UC

C») SCREEN HATERIAL puc

*(DEPTH FROM CROUHO SURFACE)

MONITOR WELL INSTALLATION DETAILS

Dame« & Mooro



MONITOR WELL INFORMATION SHEET

CROUNO SURFACE ELEVATION .

TOP OF WELL CASING ELEVATION *A//«

Joo

CORING KWWER

LOCATION

3 DEPTH TO BOTTOM OF WELL MINT OK SLOTTED
91PE /S. 7 FEET. *

DEPTH TO BOTTOM OF SEAL (IF INSTALLED)
£_ FEET.*

DEPTH TO TOC OF SEAL (IF INSTALLED)
FEET. *

3 LENGTH OF WELL SCREEN
SLOT sntfi.Q/o '

FEET.

TOTAL LENGTH OF PIPE
*2. INCH BIAMETEH.

FEET AT

TYPE OF PACK MpUNO VELL POINT OR SLOTTED
f\ft_

>) CONCRETE CAP. MO (CIRCLE 0!IE)

3 HEIGHT OF VELL CASING ABOVE GROUND
g . *7 FEET.

,_. PROTECTIVE CASING? /HI
l) HEIGHT ABOVE GROUND

LOCKING CAP; HO

(CIRCLE ONE)

(CIRCLE ONE)

j TYPE OF UPPER tACXFlLL<«A»»An/

IOREHOLC INCHES.

Q) DEPTH TO CROUNO WATER *7 _ FEET. *

« TOTAL DEPTH OF IQREHOLE / g FIET.*

TtPE OF

PIPE MATERIAL

SCREEN MATERIAL

*(DEPTH FROM CROUNO SURFACE)

MONITOR WELL INSTALLATION DETAILS

Dames & Moore



MONITOR WELL INFORMATION SHEET

GROUND SURFACE EUVATIOH

TOP OF WELL CASING EUVATION KUWSER

DATE

LOCATION ~, '£- Me\

<7\ DEPTH TO lOTTOIt OF VELL POINT OR SLOTTED
^J PIPE 17 FEET.*

f

TV DEPTH TO lOTTOrt OF SEAL (IF INSTALLED)

rr\ DEPTH TO TOP OF SEAL (IF INSTALUO)
sl/ 3-3 FEET.*

LENGTH OF VEU SCREEN
SLOT SIZE <O. O/Q

FEET.

TOIAL UKCTH OF PIPE_
INCH 9IM1CTER.

FEET AT

TYPE OF PAa AftOUNO VCU POINT OR SLOTTEO
PI ft

T) CONCRETE CAP. (jfjO iS. (CIRCU 0:«£)

HEIGHT OF VEU. CASING ABOVE CROUHO
FtET.

-. PROTECTIVE CASING? GESJ NO (CIRCU ONE)
[T) HEIGHT ABOVE GROUND "̂"̂  FEET.

LOCRIHC CAP? OR} MO (CIRCU ONE)

Mo) TYPE OF UPPER lACXf ILL.

(tt) MREHOU PIASTER Q INCHES.

DEPTH TO GROUKO WATER

TOTAL DEPTH W IOREHOU n FtET.*

(g) TYPE OF LOWtR IACKFIU.

^

uT) PIPE HATER I At.

LU) SCAEEH MATERIAL

* (DEPTH FROn CROUHO SURFACE)

MONITOR WELL INSTALLATION DETAILS.

Dam««& Moor«



GROUND SURFACE ELEVATION

TOP OF WELL CASING ELEVATION

MONITOR WELL INFORMATION SHEET

JOB NUMBER 7*7-^/5- Oft?

1/7 IORIKC NunaER - IPS'

IOCATIOM

DEPTH TO IOTTOM OF VELL POINT OR SLOTTED
PIPE 1*5 _ FEET.*

DEPTH TO BOTTOM OF SEAL (IF IKSTALLED)

— ̂ -S— n:ET-*
DEPTH TO TOP OF SEAL (IF IHSTALLEO)

3 FEET.*

LEKCTH OF WELL SCREEN
SLOT SI2E

FEET.

TOTAL LENGTH OF PIPE 7-3 FEET AT
d INCH OIAKETER.

TTPE OF PACK AROUND WELL POINT OR SLOTTED
PIPE

COMCRETE CAP. HO (CIRCLE 0:«E)

HEIGHT OF WELL CASING ABOVE CROUNO
o). 3 FCET.

,_ PROTECTIVE CASING? CtE
JJ HEIGHT ABOVE CROUHO ^

LOaiNC CAP?

MO (CIRCLE ONE)
FEET.
NO (CIRCLE ONE)

TYPE OF UPPER JAOflU.

[111 MREHOLC \ INCHES.

07) DEPTH TO CROUKO WATER 3 /? FEET. *

FEET.*03) TOTAL DEPTH OF OOREH3LE. /5

^ TYPE OF UM«R »ACKFILL_

fi?) PIPE MATERIAL .

[1C) SCREEN MTERIAL

*(DEPTH FROM CROUKO SURFACE)

MONITOR WELL INSTALLATION DETAILS

Dam««& Moor«



MONITOR WELL INFORMATION SHEET

GROUND SURFACE ELEVATION

TOP OF WELL CASING ELEVATION - 7<3
Jos

WRING NUK8ER

DATE V- / Z -

WCATIOH .

DEPTH 70 IOTTOM OF VELL POINT OK SLOTTED
PIPE_L5_ FEET.*

7\ OEFTM TO BOTTOM OF S«At (IF IMSTAUEO)
«J 3. £ nrcT *f a i . . >. ,

r~\ DEPTH TO TOP OF SEAL (IF INSTALLED)
>i/ 3

LENGTH OF VELL SCREEN
SLOT SIZE n. a t o

FEET.

TOTAL UKCTH OF PIP£—
rO INCH OIAHETER.

FEET AT

TYPE OF PAOC MtlUNO VCU POINT OR SLOTTED
PIPE

COKCKETE CAP. MO (CIRCLE 0:<)

HEIGHT OF WELL (AS I KG MOVE GROUND
FEET.

,_ PROTECTIVE CASIWG7 VJE
j) HEIGHT ABOVE GROUND

LOCKING CAP7

HO (CIRCLE ONE)
FEET.

CTESJ HO (CIRCLE ONE)

TYPE OF UPPER lACXTIU. :

[in MREHOU OlMCTtR

[12) DEPTH TO CROUHO VATER

JKCKCS.

FEET.«

(u) TOTAL DEPTH OF tOREHOLE (5 FEET.*

(J) TYPE OF LOU£R OACXFILL

(H) PIPE MATERIAL (^ V C

Lit) SCREEN MATERIAL JVc

*(DEPTH FROM GROUND SURFACE}

MONITOR WELL INSTALLATION DETAILS

Dam«« i Moore



MONITOR WELL INFORMATION SHEET

CROUKO SURFACE ELEVATION

TOP OF VELL CASING ELEVATION

JOB NUMBER

IORIHC NUMBER

' OO3

LOCATION < ~ *

DEPTH TO BOTTOM OF WELL POINT OR SLOTTED
PIPE /g FEET.*

DEPTH TO BOTTOM OF SEAL (IF INSTALLED)

DEPTH TO TOP Of SEAL (IF INSTALLED)

LEHCTH OF WELL SCREEN
SLOT SIZEd nfO

FEET.

TOTAL LENGTH OF PIPE__
^) INCH OUSTER.

FEET AT

TN TYPE OF PACK AllOUNO VELL POINT OR SLOTTED
<!/ PIPE .SAMP .

T CONCRETE CAP. HO (CIRCLE 0:iE)

HEIGHT OF VCU. CASING ABOVE CROUNO

,_ PMTECTIVE CASING? OtD W (CIRCLE ONE)
JJ HEIGHT ABOVE CftOUNO FEET.

LOCKING CAP7 CTESJ NO (CIRCLE ONE)

TYPE OF UPPER HACKflLL ^to/h P/<i_.

BOREHOLE QIA^gTER O INCHES.

fU) DEPTH TO CROUNO WATER _FEET. *

TOTAL DEPTH OF BOREHOLE, FEET.*

TYPE OF LOUtR OACXFILL ^

PvcMS) PIPE MATERIAL

Cl() SCREEN hATtRIAL

*(DEPTH FROM CROUNO SURFACE)

MONITOR WELL INSTALLATION DETAILS

Dam«m«. Moors
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APPENDIX F
Groundwater Field Measurements



MONITORING WELL FIELD DATA SHEET

Field Personnel Job No.

S irf) !*_ ) / • • / \~fo *
3. prj

I
I

i
t
t !
t
i
i
i
i
i
i
•«*i
i
i
i
i

Location E~c<Sfl C,"î  M

Well No. AlGO - /O'

Date /2ifv;f /^T. /^d

rotal Well Depth (from top of casing)

Depth to Water Surface (from top of casing

ieight of Water Column

/olume of Water Column (height x 0.163)

Well
Volumes
Purged

Units

1

2

3

4

5

6

7

8

Specific
Conductance

>*1' C rZ-.w^o'a

/C(,~l

~ ? I 2

111

7 / V

Temperature

*r
£3 .< r

< ^ 9 . 3

C(-8

O.o

t

P 7. 3 feet

) ^ 8 - 6 9 feet

SJ 7 2 feet

/* V gallons

PH

standard units

7o6Y

7*dS

7 05

7.07



MONITORING WELL FIELD DATA SHEET

Field Personnel Job No. /?*?</?- Qc>>?
t :

I T) ?„„•.,, 4 „
A) Sco««

1

1
1

1 ,

1

1

1

I

1

I

i

i

t
^r
r
i
i1

Location £̂ 71 '̂̂  /̂ Q

Well No. /h(̂ J - / O3

Date /^f>/( ("?. /f^O

Cotal Well Depth (from top of casing)

tepth to Water Surface (from top of casing

ieight of Water Column

/olume of Water Column (height x 0.163)

Well
Volumes
Purged

Units

1

2

3

4

5

6

1

8

Specific
Conductance

fa: C'S2>,̂ (*ô

1st

9</3

<?5<r

<?S6

<?£S

Temperature

•»/*•
5V. ?

53-3

5f.2
5,3. /

5^-1

?<£-£ feet

) ^O - ' "7 feet

£ £ 3 feet

/• && gallons

pH

standard units

7.ac.

7-37

7-2£

->.3i5

7 Po



I
Field Personnel

MONITORING WELL FIELD DATA SHEET

Job No. l€f<f'/3' 002
II *™ \̂ ""^
W U rij£if*Gt'7o.*J

'— /h. 5co<:/iso.A
Location ^^^ CV ̂  /lO

Well No. /V}(L)~ /O"^

]• Da

'• Total Well Depth (from top of casing)

• Depth to Water Surface (from top of casing

~ Height of Water Column

Volume of Water Column (height x 0.163)

1

1

i
j
i
i
1
i
I
1
I
i

Well
Volumes
Purged

Units

1

2

3

4

5

6

7

8

Specific
Conductance

K<^0>

C^

£77

C 77

Temperature

°/r

&a a

S<3.4

5^

te Ap,,i n if tt

j &. <J feet

) f / - 9 1 feet

C .«/# feet

/• O^ gallons

PH

standard units

7-oo

-7.0S

7ce,



I
Field Personnel

MONITORING WELL FIELD DATA SHEET

Job No.

• TX ?u,,v,-/*~_ • vi
• /' '• St>JWn*o*

1

1

1 '

1
1

1

1

1

1

1

1

1

1

1

i
I

Location £vJft £"''£, Me

Well No. /ht»J- /O*f

Date /^D^ / /7 /"T^O

rotal Well Depth (from top

Depth to Water Surface (frc

leight of Water Column

/olume of Water Column (hei

Well
Volumes
Purged

Units

1

2

3

4

5

6

7

8

Specific
Conductance

AWr^Ao,

Q^/5

Wo 3

^o3

Q05

/ 3p^

of casing) / ^?. 9 feet

im top of casing) /£)• 2>~? feet

~7- £ 3 feet

.ght x 0.163)

Temperature

ar
60 g

5 f f l

56 3

57. /

57 o

I- J1-! gallons

PH

standard units

C.<8<i

1. OQ

"7.03

7-oc

C^?5
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SCLIDVAETE

MEMORANDUM

Data October 2. 1980

7o: Bob Schreiber

From: Burt McCullough

Subject Vestlake Landfill

Vestlake Landfill, located in Bridgeton Missouri (St. Louis County) has been
the subject of recent inquiry. This landfill began operation prior to state
regulation. As far as our records show, this landfill first opened in the
mid-1960's. Fart of the landfill lies in an old quarry and part of the land-
fill lies in the Missouri River floodplain, approximately 14 miles from the
river. Witnesses to this operation, vhen the area of the landfill which lies
in the floodplain was in operation, note that the fill area was often actually
beneath the level of the water table. According to file materials froc
Missouri Geological Survey, it is "highly probable that leachate from the
landfill is entering the waters of the Missouri River. . . " Leachate from
the old quarry area of the landfill is collected and hauled to MSD treatment
plants. Construction of onsite treatment facilities is underway. About A8,COO
gallons of leachate per day is currently being collected.

Aside from normal landfill materials, there are chemical industrial wastes and
radiologically contaminated materials deposited in this landfill. The chenical
vastes, that we know of, include about 4,000 tons of residues from the production
of Insecticides and herbicides. These pesticide wastes were deposited by
Chevron Chemical Company. Also included in the chemical wastes are waste
materials from ink manufacture and from the manufacture of glue. Among the
chemical wastes that we know of in Vestlake Landfill are:

vaste ink pigments
esters alcohols
halogenated intermediates
oils wastewater sludges
heavy metals asbestos

oily sludges
Insecticides
aromatics

herbidices

seph
red A.

Besides chemical hazardous vastes, in Vestlake Landfill, there are radioactive
vastes. During early 1973 Cotter Corporation buried radioactive Barium
Sulfate Slag material and radiologically contaminated building rubbl?. There

• are approximately 9,000 tons of this material which contain about.-7.̂ ^ tons
of natural Uranium. In October, 1977, an aerial radiological survey vas done to
determine the location of the burial of this contaminated material. The report
from this survey indicates that there are two burial sites. One is in the
center of the old quarry area, and the other is on the edge of the floodplain
area which borders adjacent farmland. The U.S Nuclear Regulatory Commission
has contracted Radiation Management Corporation to do extensive on-site
'radiological surveys which Include Rroundwater analysis, core sampling, test
boring, and other tests as deemed necessary. The NRC has given DNR verbal

P. Teosdole Governor Division of Environmental Quality
Lcfser Director Robert J. Schreiber Jr., P.E. Director

I
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Vestlake Landfill continued
Page 2
October 2, 1980
To: Bob Schreiber

permission to utilize the monitoring wells which Radiation Management
Corporation will be digging, in order that DNR may test for the presence of
chemical hazardous wastes.

There is little known about what vent into Westlake Landfill prior to State
regulation. Analysis needs to be done to determine: 1) what wastes are
deposited in Vestlake Landfill, 2) if any of these pollutants are leaving
the landfill via groundwater, and 3) what threat does Vestlake Landfill pose
to drinking water supplies.

cc: Tred Lafser
Ron Kucera

* Jim Long
Robert Robinson
Bob Miller
Tom Doan
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3.ROO St. to»l« County " J,
Vest LaHe Serwlitlon Landfill |yQy ~

October 31. 1977 Muu

•fr. Vllllan Caimar
»eBt l!*B Lnttlll, Inc.
St. 1. Sox 116
Brl̂ etea, TO HM*

Dear Kr. Cemtey:

Thin Is tc* follw w "on the Insneetlnn of t**« Vest Lake Demolition
. ̂ cr?fc.«r A, 1**77, V» » r.»̂ rftscnt-tive of t*e Vlscourl

t.;" *MtuTa3 ?fpo«Trc*» M .•» T?— '•"• of tM« lrrT>cctlon,
the follwlr.' irt?rtl"factor̂  fsnturss w noted And re-cor?!er.dlttlons
for their rcrrectJm nr& riven.

1. ?Ion-!?enolltlon landfill vnste IncluJin-i vastes not even
acceptable at sanitary landfills vc;re bcinj* deposited at
the denolition landfill site.

2. Routine techniques of s?readlr.? and eorpactln't the deaolitioea
vatttcs were not beine practiced.

A.\T?

A consid*raMft arount of nnlnt slur'̂ e In 55 Ballon metal
drums had been dlspos-d of on tbe »ite. It appeared that
the majority of the paint sludte had been oixed vith soil
and had caused one area to be very odorous and extreaely
dan?. Neither the demolition er sanitary landfill should
be accs?tin? anv quantity of T>aint or other sludges. It
is understood that a snail amount "il̂ ht <^et into the landfill
undetected but, it vas obvious thit « ̂ ooJ nortion of the

and should have been tunp^ -̂.MV. 'mediate steps
be taken to stop all incn̂ l IP <*«no*it? of s«ch naterl.ils

«r.d to trwndiatelv renove auch r:atari»ls vhen they sior.e hov»
are Jurrped. (Section 80-A.Oin (2) (A) of the Missouri Solid
Wast̂  Rules and Regulations lists the tynes of r.tteriala to
be accented at a demolition landfill. Enclo.ied is one COT>V
of the Rules and Regulations.
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3.600 Tt. T.ouls County
West L.-if-.e r.ar.ollticm Landfill

October 2"-. 1977

*

2. Acceptance of non-denotion wastes haa been observed In the
past at the denolition landfill cite. It is felt that it ia
a corblnation of an inadequate »l*n listing the vasts* to be
ac«rt«-» ir.«irtequct8 inspection of leads eor»in<? in and a willingness
to accent such non-derolition materials *rhen they ars on site.
r«cticr •"•-*.r»n (-) (C) 2 require thnt A list of waatea to be
accer-te: to 'Tlŝ lavj! nrs-inentlv nt ^V^ site crtr-nnccs. Mo sl?n
VM phrr^T«-? •»« either entrance for the""'!?-»olition landfill. A
si?r. lirtir.** the vnst? to be nce^te! r»u*t be erected at all
er.trir.ce-j to the demolition landfill. A responsible supervise?
should he located on site vho ia willing to thoroughly Inspect
every loa<! thst ernes in and to reject all non-denolition materials.
Anyone cnurtfit dimplr.*? non-̂ eraolition wastes should be force*! to renove
such wastes to a proper disposal facllltv. The combination of
advising prospective dinners of trtiat v«T?tes are accepted via the
landfill slr;n alon« vlth a responsible supervisor *A\o is knovlci^able
about f̂l\at vastes can and cannot be accepte4 should result in a
great reduction in non-demolition wastes being dunped at the desdlition
landfill.

3. It was observed that the denolition nat:erials vere being dunped at
•" the top of the worMt>*» facft of the l.tndflll and for the most part

ainply pushed over th<> edre of the f?.co. Very little coctpactlmi
was beinr. acconplished. It was understood that sowe bulky wastes
such as larfie concrete blocks and tree trunks cannot be compacted
but, the rajorlty of the other demolition wastes can be spread
and contacted in layers around tvo feet thick on or near a 3 to 1 alope.
If possible, it is reconaended that the demolition wastes be dumed
at the base of working face. IThethsr t*"» vast&i are dunped at the
top or base of the working face, every effort -aust be nade to spread
and ecrpact the demolition wastes in"levers not to exceed tvo (2)
feet as nuc!'. as practical fron the stmr.noint of the size and shape
of the 7iat«.rial<). If a load is observed containing larp.e materials
tb..it could hinder the nroper corwnetien of other denolition wastes,
it ahoul'.' he dirtied vhere it can be rusre easilv handled instead of

. with the other trasten. Section 80-4.010 (12) (C) 1 requires that aolld
waste handling equipment ahall be capaMe of :

1. Spresdins and coapaetinjr the solid wastes accepted
in layers no more than tvo feet thick, when practical
from sice and shape of the w«ste material, while confining
it to the smallest practical area.

2. Conpact the solid waste to the smallest practical volume.

3. Place, spread end eonpact fthu cover material aa ouch as :
practical.

4. An extensive salvage operation was beinr, run at the denolition



3.60') St. Louis County
Vest Lake Demolition Landfill
Page Three

—•- - October 31, 1977

landfill rtalnly for the collection of metallic object*.
It was understood that the aalvaped materials are hopefully
renoved fron the site the scvte *<av thev are collected. The
landfill rust bo conr.ended for the extensive salvage opera-
tion but, every effort mist be rw.!e to remove the salvaged

Shar. neatly stored on site.

- - JS- It v«s observaJ that the require I tvol-re (11) inches of weekly
cover iiatsirial hi;', been ariplisl an4, "na-? been properly contacted
any areis that have been brought up to final srade should

" coaMin final cover consisting of at: least tvo feet of compacted
. ,aoll an̂ l be properly seeded. ', , . . •

If you hnve any questions concerning the above cooraents and recomendatlons,
please feel free to nive us a call at our St. Louis Office. Reinspections
vlll ba nnde to insure that any non-demolition materials are not beinq
•accepted and the aaterials accepted are beinc properly compacted.

- SUBiaTTED BY:

— Earl F. Holtpraeve^ ?.E.
Regional Administrator
St. Louis RŜ icnal Office
Department of liatural Hesource

c-.-t .-i
^ . -•'

3ud Stein .
Environmental Inp;ineer I'
St. Louis Regional Office
Department of Natural Resources

:<

--- CC: Earl Breadon
2337 Telegraph Road
St. Louis, MO
St. Louis County Health Department

:.. CO.SV

.' j • V».- —'
• • •»..;.
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)ate:

MISSOURI DEPARTMENT OF NATURAL RESOURCES
DIVISION OF ENVIRONMENTAL QUALITY

DEMOLITION LANDFILL SURVEILLANCE RECORD

Days/Week Open:

Name of Demolition Landfill:

^ermit No: _

JTfl C

County:

— Operator:

_ Address:

s-

I

I

I. Special Conditions and Approved Modifications

A. Are there any special conditions or approved modifications of the satisfactory compliance subsections of
the rules and regulations? (e.g. impermeable barrier, limited excavation, exceptions to weekly cover re-
quirements) . .». ,r

Yes >^ NO

1 6. Is the demolition landfill operation in compliance with the special conditions or approved modifications?
(If "No," describe violations under "REMARKS.")

Vac No

•11. Check Types of Waste Accepted

1

1

1

1

INDICATED ON REPORTED BY
PERMIT APPLICATION OPERATOR AS OBSERVED

Demolition and construction waste

Tires
Inert Plastics

/3:ft \\Ji r stttutt,
OAHER WASTES <SPECI FY \/i

M

£ &.4d&*inA U&wb
J

S<1
s<c
s<

X

III. Remaining Life of Landfill

I A. Estimated average

• B. Estimated volume

1
•i.OiB-n/76

volume of compacted solid waste received. xy^y ^o yi^-y/w
Uo«5, ya'-dsWfiy, w^pi*) CwL*C"*'Vl'</i\

of remaining landfill covered by approved engineering plans.
acre feet



I
I

IV. -Satisfactory Compliance Subsections Regulations 80-4.010
• Check all sut .tions: SAT — Satisfactory; UNS — Unsatisfactory. (If necessa

under "RemarKS.")
escribe "UNS" violations" %

•TON
4BER

SATISFACTORY COMPLIANCE
OPERATING PROCEDURE SAT UNS

f WASH ACCEPTED

1

RoutiM unitary landfill techniques of spreading and compacting
solid waste stall be used as much as practicable to dispose of
solid waste in a demolition landfill.

A list of wastes to be accepted shall bt displayed prominently at
(be site entrance.

X
X

SOLID WASTE EXCLUDED

1
2*

A responsible supervisor shall be present at the disposal area at
all times when the area is open to receive waste.

Eicluded wastes deposited removed to an approved disposal site.

y.
"V

aTj_SEL£cnw

1 Site accessible by all-weather roads. \~^4

«AllR QUALITY

1

2

Surface water courses and runof! satisfactorily diverted from the
landfill. Demolition landfill construction and riding to promote
rapid surface water runoff without eicessive erosion.

Decomposable solid wastes deposited above predicted manmum
water table.

y:
y.

ALITY
- No open burning without written permission from the agency hav- •

ing jurisdiction. ^f OSTROl

§_

Decomposition gases adequately vented to prevent danger to occu-
pants of adjacent property.

Gases vented to prohibit explosive or tone accumulations.

yi
*-*<

»
Vector control programs implemented when necessary. IN l̂

PETICS

3

litter collected and completed into cell be utilized daily.

Wastes easily moved by wind covered as necessary.

On-site vegetation and natural windbreaks being utilized for litter
control and aesthetic appearance '

V
y /

y

1

1

SUBSECTION
NUMBER

SATISFACTORY COMPLIANCE
OPERATING PROCEDURE SAT UNS

(10) AESTHETICS (ctatinued)

UOXO4 Salvaged materials reme*eldaily «r stored rf aesthetically accep-
table manner. fcfflllLgi f JW. CJUACuU. Y^

(11) COVER MATERIAL

(11XO1

(11X02

Twelve (12) inches compacted soil cover material applied at least
once every seven calendar days.

Final cover of at least two t2) feet compacted soil applied on all
completed ureas.

^^sĵ ^

x
(12) COMPACTION

(12KO1A

(12XC/1B

(12MO1C

(12X02

(12X03

Solid waste spread in layers not to eiceed two (2) feet as much as
practical.

Solid waste compacted to smallest practical volume.

Cover material compacted as much as practical.

Equipment iwailabie and operated to spread and compact the solid
waste as received or at least when the accumulated waste reaches
200 cubic yards.

No solid waste disposed of m water where the water interfered with
spreading and compacting 01 where the water is causing a mos-
quito problem.

.̂
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(13) SAFETY

(13KO1

(13MO2

(13XO3

(13XO4

(13XO5

(13XO6 .

Fire eibnguishers provided on all equipment

Provisions (or eitinguishmg (ires in waste, equipment or struc-
tures.

Scavenging prohibited.

Controlled access limited to operatng hours.

Traffic control signs provided.

Dust control adequate.

•i —i

^^>y£.
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(14) RECORDS

(14XO1A

(14X016

(14XO1C
(14X010

(UXO1E

(UMO2

Records of complaints and major problems. •

Records of dates of cover material application. •

Records of vector control efforts. .

Records of dust and liner control efforts.

Records of quantity of waste received. '

Records of location of general types oi wastes ano depth ol fill. .
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V. Operation Proceeding in Accordance With Approved

-Remarks.")
Ycs

Engineer Plans? (If "No," describe violations under

No •

I

I

[(Attach additional Sheets as necessary./

BY
SIGNATURE or INVISHCATOR
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TABLE I - Results of Analysis
Hestlake Landfill,

PARAMETER

1. pH (Std. Units)*

2. Specific Conductance (pmhos/cm)

ĵ Tfjlrnl <n<«-y AS CaCO-. (lBQ/1)
J

4. Acidity as CaC03 (mg/1)

5. Total Solids (mg/1)

6. Suspended Solids (mg/1)

7. Volatile Suspended Solids (ng/1)

8. Grease (mg/1)

9. Chemical Oxygen Demand (mg/1)

10. Total Organic Carbon (mg/1)

11. Phenol (mg/1)

12. Fluoride (mg/1)

13. Chloride (mg/1)

14. Cyanide (mg/1)

15. Kjeldahl Nitrogen as N (mg/1)

16. Sulfate (mg/1)

17. Sulfide (mg/1)

18. Surfactant (MB AS) (mg/1)

19. Chromium (mg/1)

20. Copper (mg/1)

21. Iron (mg/1)

22. .Lead (mg/1)

23. Nickel (mg/1)

24. Zinc (mg/1)

of Leachate From
Incorporated (1/23/78)

CONCENTRATION

6.0

3170

475

415

4030

392

223

56

3820

1090

1.02

0.5

330

<0.1

83.2

580

<0.1

0.5

<0.5

1.60

31.0

<0.5

<0.3

10.8
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WESTLAKE LANDFILL

Classification; Class II, Priority 2

Site Name; Westlake Landfill

Addressi Bridgeton, MO 63042. Between Old Rock Hill Road and New
Rock Hill Road east of Earth City
T 46 N, R 5 E, St. Charles Quadrangle

Vaste Type; Organics, inorganics, solvents, pesticides, heavy metals,
acids, bases, plating wastes and radionuclides

Quantity; Unknown

Site Description;

The site is an active landfill on the Missouri River floodplain in St.
Louis County. The site has been reduced to two areas (see attached legal
description).

Present Owner; William McCullough, President, Westlake Landfill, Inc.,
Bridgeton, MO 63042

Environmental Problems Related to Site:

The site is an active permitted landfill which in the past accepted
unknown quantities of hazardous wastes. Excavation at the site in the
past reached the same depth as the groundwater. Unknown quantities of
hazardous materials have been deposited in direct contact with
groundwater. There is potential for contamination of groundwater and the
Missouri River which is less than one mile away, directly west of the
site.

«

Remedial Actions at Site;

The site was surveyed prior to expansion in order to separate the
demolition fill area from the area identified as containing hazardous
materials.

Area of Concern Related to Site;

The average natural ground elevation is 435 to 440 feet with groundwater
at a shallow depth. The alluvium underlying the river is one of the most
important aquifers in the state. Consequently, if contamination is
occuring from the landfill, it is threatening a vital aquifer resource.

General Geologic and Hydrologic Setting:

LOCATION; Longitude 90 26' 45"; latitude 38 46' 15", St. Charles
Quadrangle.

The landfill has been in existence for more than twenty years. For
most of that time period, landfilling has occurred on the Missouri River
floodplain. Landfilling also has taken place in a limestone quarry
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adjoining the floodplain landfill. The quarry is in the St. Louis
Limestone which is present along the eastern slopes of the Missouri River
floodplain.

The early portion of the landfill operation included excavation and
filling below the floodplain and into the groundwater of the Missouri
River aquifer. Subsequent landfill operations generally were confined to
filling above the floodplain surface and also in the adjoining limestone
quarry. Except where operational procedures cause outbreaks of leachate
to occur in the quarry or runoff water to drain into the quarry, there was
no evidence of significant amounts of groundwater from the alluvial
aquifer entering the limestone. For the most part, the recharge, quite
limited to begin with, would be from the bedrock adjoining the alluvium
into the Missouri River aquifer rather than the aquifer recharging the
surrounding bedrock.

Groundwater monitoring indicates contaminant movement: into the
alluvial aquifer in a generally northwesterly direction. However, such
monitoring to date is-inadequate to verify this indication or to
adequately characterize the nature of the alluvial aquifer in the vicinity
of the landfill.

The Missouri River floodplain sediments consist of 15 to 20 feet of
silt loam to very silty clay having moderate to high permeability. The
groundwater table occurs at depths of 15 to 20 feet below floodplain
level. Fluctuations of 5 to 15 feet occur during periods of high water
levels when there are prolonged wet seasons that affect the Missouri
River. Local wet or dry periods cause little effect other than recharge
directly through the landfill. This may be the most significant risk
posed by the Westlake Landfill, the poor soil covering procedures that
apparently occurred during landfill operation.

Beneath the silt loam, very silty clay surface soil of the alluvium,
the Missouri River alluvial sediments are characterized by a general
increase in grain size associated with increasing depth. The sand
increase becomes noticeable at depths of 20 to 30 feet with the percentage
of gravel beginning to occur at depths of 30 to 40 feet. These coarse
sediments, plus the large and perennial recharge of the river, cause the
alluvium to be one of the major and most important aquifers in the state.
Consequently, if contamination is occurring from the landfill, it is
threatening a vital aquifer resource.

Public Drinking Mater Advisory;

There are no public water systems located in the immediate vicinity of
Westlake Landfill. However, the site is less than one mile from the
Missouri River, which is the water source for St. Louis County Water
Company's North Plant. The intake for that plant is about eight miles
downstream from Westlake Landfill. Should contamination from the site
reach the Missouri River, the downstream public water system could be
affected.

Private wells located near the landfill may also be susceptible to
contamination.
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Health Assessment:

The Westlake Landfill site has been found to be contaminated with 4000
tons of chlordane, trichloroethylene and toluene, and 7000 tons of low
level uranium ore wastes.

Chlordane is a broad spectrum insecticide that has been observed to cause
the following symptoms: blurred vision, confusion, ataxia, delirium,
coughing, abdominal pain, nausea, vomiting, diarrhea, irritability,
tremors, convulsions, anuria, and cancer in laboratory animals. It
attacks the central nervous system, eyes, lungs, liver, kidneys, and
skin. TCE or trichloroethylene is an animal carcinogen and is also
capable of causing the following symptoms: irritation of the eyes, nose
and throat; dermatitis; headache, dizziness, vertigo, tremors, nausea and
vomiting, irregular heartbeat, sleepiness, fatigue, blurred vision,
unconsciousness, and death. Damage occurs to the respiratory system,
heart, liver, kidneys, and central nervous system. Toluene has been
observed to cause irritation of the eyes, respiratory tract, and skin;
dermatitis, headache, dizziness, fatigue, muscular weakness, drowsiness,
lack of coordination, staggering gait, skin paresthesia, collapse and
coma.

Uranium is reported to cause adverse health effects in two ways: toxic
chemical effects including damage to the kidney and liver, pneumoconiosis,
pronounced changes in the blood and generalized injury; and radiation
effects including lung cancer, osteosarcoma, and lymphoma.

Analysis of the rates of fetal death, low birth weight, and malformations
for 1972-1982 showed no rate for the area significantly higher than the
state average.

A veil survey and water sampling has been completed, and an exposure
questionnaire is presently being administered to selected residents near
the site. This investigation by the Missouri Department of Health has
found there are only four wells still in use in the area that are
downgradient from the site. One is used only occasionally and one is not
used for potable water at all. None of the wells sampled had detectable
amounts of any of the chemicals disposed of at the site. None of the
residents questioned so far appeared to have any adverse health effects
caused by materials disposed of at the site.

Based on available information, a health threat exists due to the toxic
effects of chemicals and low level uranium wastes buried at the site, and
the possibility that off-site migration of these materials might occur.
While there is no evidence of past or present exposure, the potential for
future exposure exists based on the possibility that off-site migration
might occur. Sampling and corrective containment and diversion should
continue at this site until risk to the public health can more accurately
be determined.
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WESTLAKE LANDFILL

Classification: Class III, Priority 14

Site Name; Westlake Landfill

Address: Bridgeton, HO 63042. Between Old Rock Hill Road and New
Rock Hill Road east of Earth City, St. Louis County
T 46 N, R 5 E, St. Charles Quadrangle

Waste Type: radionuclldes

Quantity: 7000 tons of low level uranium ore wastes

Site Description:

The site is part of an active landfill on the Missouri River floodplain in
St. Louis County.

Present Owner: Westlake Landfill, Inc.,
Bridgeton, MO 63042

Environmental Problems Related to Site:

The site is an active permitted landfill which in tho. pnst accepted 7000
tons of low level uranium ore wastes. Excavation at the site in the past
reached the same depth as the groundwater. There is potential for
contamination of groundwater and the Missouri River which is less than one
mile away, directly west of the site.

Remedial Actions at Site:

The site was surveyed prior to expansion in order to separate the
demolition fill area from the area identified as containing hazardous
materials.

The Missouri Department of Natural Resources is the lend agency for this
site.

Area of Concern Related to Site:

The average natural ground elevation is 435 to 440 foot with groundwater
at a shallow depth. The alluvium underlying tho river is one of the most
important aquifers in the state. Consequently, if contamination is
occuring from the landfill, it is threatening a vital aquifer resource.

General Geologic and Hydrologic Setting:

LOCATION: Longitude 90 26' 45"; latitude 38 46* 15", St. Charles
Quadrangle.
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The landfill has been in existence for more than twenty years. For most
of that time period, landfilling has occurred on the Missouri River
floodplain. Landfilling also has taken place in a limestone quarry
adjoining the floodplain landfill. The quarry is in the St. Louis
Limestone which is present along the eastern Klopes of the Missouri River
floodplain.

The early portion of the landfill operation included excavation and
filling below the floodplain and into the groundwater of the Missouri
River aquifer. Subsequent landfill operations generally were confined to
filling above the floodplain surface and also in the adjoining limestone
quarry. Except where operational procedures cause outbreaks of leachate
to occur in the quarry or runoff water to drain into the quarry, there was
no evidence of significant amounts of groundwater from the alluvial
aquifer entering the limestone. For the most part, the recharge, quite
limited to begin with, would be from the bedrock adjoining the alluvium
into the Missouri River aquifer rather than the aquifer recharging the
surrounding bedrock. Near the bedrock quarry pit, however, the potential
exists for draining some alluvial water into this sump. Apparently, the
pit is dewatered on a continuous basis with the wnter pumped to discharge
in the alluvial setting. Groundwater monitoring indicates general
movement of the alluvial groundwater to the west nnd north.

The Missouri River floodplain sediments consist of 15 to 20 feet of silt
loam to very silty clay having moderate to high permeability. The
groundwater table occurs at depths of 15 to 20 feet below floodplain
level. Fluctuations of 5 to 15 feet occur during periods of high water
levels when there are prolonged wet seasons that affect the Missouri
River. Local wet or dry periods cause little effect other than recharge
directly through the landfill. This may be the most significant risk
posed by the Westlake Landfill, the poor soil covering procedures that
apparently occurred during landfill operation.

Beneath the silt loam, very silty clay surface soil of the alluvium, the
Missouri River alluvial sediments are characterized by a general increase
in grain size associated with increasing depth. The sand increase becomes
noticeable at depths of 20 to 30 feet with the. percentage of gravel
beginning to occur nt depths of 30 to 40 feet. These coarse sediments,
plus the large and perennial recharge of tho. rxvnr, cause the alluvium to
be one of the major and most important aquifers in the state.
Consequently, if contamination is occurring from the landfill, it is
threatening a vital aquifer resource.

Public Drinking Water Advisory:

There are no public water systems located in the immediate vicinity of
Westlake Landfill. However, the site is less thnn one mile from the
Missouri River, which is the water source for St. Louis County Water
Company's North Plant. The intake for thnt plant is nbout eight miles
downstream from Westlake Landfill. Should contamination from the site
reach the Missouri River, the downstream public water system could be
affected.
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Private wells located near the landfill mny also l>o. susceptible to
contamination.

Health Assessment;

Uranium is reported to cause adverse health effects in two ways: toxic
chemical effects including damage to the kidney and liver, pneumoconiosis,
pronounced changes in the blood and generalized injury; and radiation
effects Including lung cancer, osteosarcoma, and lymphoma.

Analysis of the rates of fetal death, low birth weight, and malformations
for 1972-1982 showed no rate for the area significantly higher than the
state average.

An exposure assessment including a well survey, water sampling, and an
administrative exposure questionnaire WAS completed for the site. This
investigation by the Missouri Department of Health has found there are
only four wells still in use in the area thnt: nre downgradient from the
site. One is used only occasionally and one Is not used for potable water
at all. None of the residents questioned appeared to have any adverse
health effects caused by materials disposed of at the site.

Based on available information, a health threat exists due to the effects
of low level uranium wastes buried at the site, and the possibility that
off-site migration of these materials might occur. While there is no
evidence of past or present exposure, the potent in 1 for future exposure
exists based on the possibility that off-site migration might occur.
Sampling and corrective containment and diversion should continue at this
site until risk to the public health can more accurately be determined.
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ORIGIN OF MATERIAL AND HISTORY OF LICENSE

1942-1966 BELGIN CONGO AND DOMESTIC URANIUM ORES PROCESSED AT MALLINCKRQDT, INCORPORATED, AT
DESTREHAN STREET FACILITY ON NORTH SIDE OF ST, LOUIS, AGREEMENT WITH U, S, , BELGIANS
WANTED ORE RESIDUES (DAUGHTERS) RETURNED. MATERIAL WAS HELD BY U, S., BUT NOT CLAM
BY BELGIAN CONGO.

JA11ARY 10, 1964 AEC-QAK RIDGE OPERATIONS OFFICE PUT OUT BID PACKAGE TO SELL, AS LISTED IN BID
PACKAGE, TOTAL ORE RESIDUES OF 117,050 TONS OF RAFFINATE OR BARIUM SULFATE CAKE
CONTAINING APPROXIMATELY 191 TONS OF URANIUM. THE 8700 TONS OF BaSÔ  (LEACHED)
CONTAINING 7 TONS OF URANIUM WAS ITEMIZED AS PART OF THIS PACKAGE,

EARLY 1956 CONTINENTAL MINING AND MILLING COMPANY, CHICAGO, ILLINOIS, LICENSE NO, SMA-862
PURCHASED FROM AEC-ORD, THE ORE ESIDUES WERE STORED AT ST, LOUIS AIRPORT. ORE
RESIDUES WERE M3VED TO 9200 LATIY AVENUE, IIA2ELWOOD, MISSOURI,

29, 1966 LICENSE iD. SMC-907 WAS ISSUED TO OWERCIAL DISCOUNT CORPORATION, CHICAGO, ILLINOIS
ALLOWING FOR POSSESSION OF RESIDUES, REMOVAL OF MOISTURE, AND SHIPf-BIT TO COTTER
CORPORATION IN CANON CITY, COUDRADO,

Jr ARY 1967 CONTINENTAL MINING AT€ MILLING TERMINATED BUSINESS, COTERCIAL DISCOUriT CORPORATION OF
CHICAGO, ILLINOIS, TOOK PHYSICAL POSSESSION OF THE FACILITIES AND SOURCE MATERIAL

I STOCKPILE



DE(MER 31, 1969 COTTER CORPORATION, CANON CITY, COLORADO, LICENSE NO, SUB-1022 PURCHASED REMAINING
SOURCE mTERIAL AT LATTY AVENUE,

AUGUST TO COTTER TRANSPORTED FROM THE IATTY AVENUE SITE 10,763,41 TONS OF RESIDUE BY RAIL TO CANON
OCTOBER 1973 CITY, COUDRADO. 48,544,70 TONS OF RESIDUE AND SOIL CONTAINING APPROXIMATELY SEVEN

TONS OF NATURAL URANIUM WERE TRANSPORTED TO THE WEST LAKE LANDFILL SITE,

APRIL 10, 23, AND REGION III INSPECTION AT MZELWOQD, MISSOURI SITE AND CANON CITY, COIDRADO OFFICE,
24, 1974

KAY 10, 1974 LICENSE SUBMITS FINAL SURVEY OF LATIY AVENUE SITE TO AEC LICENSING,

NOVEMBER 1, 1974 FINDINGS OF APRIL, 1974 INSPECTION BY REGION III ARE SENT BY LETTER FROM AEC ,l£ADQUARTERS
TO COTTER CORPORATION ADVISING THAT DILUTION AND DISPOSAL OF ORE RESIDUES ARE NOT IN
KEEPING WITH INTENT OF PART 20, NO ITEMS OF ̂ COMPLIANCE,

NOVEMBER 13, 1974 AEC LICENSING TERMINATED LICENSE NO, SUB-1002,



INSPECTION HISTORY

MAY Ig, 17, AND AUGUST
19cS

JANUARY 11, 1967

MARCH 27 AND APRIL 1, 1968

17, 1970

APRIL 10, 23, & 24,

CONTINENTAL MINING & MILLING COMPANY
LICENSE NO, SMA-862

CCtfERCIAL DISCOUNT CORPORATION
LICENSE NO, SMC-907

COWERCIAL DISCOUNT CORPORATION
LICENSE NO, SMC-907

COTTER CORPORATION
LICENSE tO. SUB-1G22

COTTER CORPORATION
LICENSE NO, SUB-1Q22

ElifllMS
5 ITEMS OF fOlCOMPLAINCE RE: INADEQUATE
POSTING, INADEQUATE SURVEYS a PERMISSIBLE
LEVEL OF RADIATION IN UNRESTRICTED AREAS

2 ITEMS OF fCNOTLMTCE RE: PERMISSIBLE
LEVELS OF RADIATION IN UNRESTRICTED AREAS
AND INADEQUATE POSTING

2 ITEMS OF NONCOMPLIANCE RE: PERMISSIBLE
LEVELS OF RADIATION IN UNRESTRICTED AREAS

INADEQUATE SURVEYS

ONE ITEM OF NONOMIANCE RE: INADEQUATE
SURVEYS

DISPOSAL OF URANIUM BY DILUTION AND
BURIAL ARE NOT IN KEEPING WITH INTENT
OF AEC REGULATIONS, NOT CITED AS A
NONCOMPLIANCE



CONCLUSIONS OF JUNE 22-24. AUGUST 1L 1976 INVESTIGATION

1, THE REMAINING ORE RESIDUES AT LATTY AVENUE SITE WERE MIXED WITH SOIL
TRANSPORTED TO TIE VEST LAKE LANDFILL AS REPORTED BY TTE LICENSE DURING

' '" THE APRIL 1971 INSPECTION, fMVER, THE RESIDUE-SOIL MIXTURE IS
COVERED BY APPROXIMATELY 3 FEET OF FILL AT VEST LAKE LANDFILL INSTEAD
OF 100 FEET AS REPORTED BY THE LICENSE,

2, ENVIIOTENTAL SOIL SAMPLES INDICATE THE PRESENCE OF URANIUM ORE PROCESS
RESIDUES REMAINING AT THE UVTTY AVENUE SITE, BETA-GAWA SURVEYS PERFORM
BY RIII PERSONNEL AT THAT SITE ON AUGUST 11, 1976 INDICATE LEVELS OF
RADIATION IN CERTAIN AREAS EXCEEDING 'THE CRITERIA ESTABLISHED BY THE
NRC FOR DECONTAMINATION OF LAND AREAS PRIOR TO RELEASE FOR UNRESTRICTtD
USE,

3, BASED ON RADIATION MEASUREMENTS OF THE MATERIAL PRESENT AT THE WEST LAIC
LANDFILL AND THE UVTTY AVENUE SITE NEITHER LOCATION PRESENTS AW Iff EDIATE
RADIOLOGICAL HEALTH HAZARD TO THE PUBLIC,



n RECfWENDATIONS

1 A MORE DETAILS ENVIROWtNTAL EVALUATION OF THE LAT1Y AVENUE AND THE WEST
— LAKE IAD FILL SITES SHOUID BE PERFOfW,

OAK RIDGE [RATIONAL LABORATORY TO PERFORM THIS EVALUATION, ANY RECOWENDATIONS
| WILL BE BASED ON THE OAK RIDGE EVALUATION,
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Chronology of Radioactive Waste
at West Lake Landfill

United States Government (Manhattan Project)

0*
\

Co

Mallinckrodt (nuclear processing plant)
Destrehan Street, City of St. Louis

Nuclear Regulatory Commission
(formerly Atomic Energy Commission)

February, 1966

Continental Mining & Milling Co.

Commercial Discount Corp.

December, 1969

Cotter Corporation
(a subsidiary of Commonwealth Edison)

1942-1945

- 1966

1967

- 1969?

B & K Construction Co., Inc.j
July-October, 1973

West Lake Landfill


